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INTRODUCTION 

This  was  a joint  exploratory  development  program  by  the  U.S.  Air  Force 
Armament  Laboratory  and  the  U.S.  Army  Armament  Command  to  provide  a 25mm 
automatic  cannon  for  tri-service  application.  The  program  was  based  on  the 
utilization  of  GAU-7/A  telescoped  ammunition  and  gun  technology  to  develop 
a 25mm  cased  telescoped  cartridge  and  a high  performance  rapid  fire  cannon 
without  the  tri-service  operational  limitations  associated  with  the  GAU-7/A 
caseless  system.  The  primary  responsibilities  of  the  U.S.  Air  Force  were 
the  design,  fabrication,  test  and  evaluation  of  the  25mm  cartridge.  The 
cartridge  included  the  plastic  cartridge  case,  the  projectile  and  the  pro- 
pulsion charge.  The  U.S.  Army  was  primarily  responsible  for  the  design, 
fabrication,  test  and  evaluation  of  critical  components  and  subsystems  and 
for  establishing  a design  base  for  the  development  of  a high  performance 
cannon  and  associated  ammunition  feed  and  storage  systems. 

The  objective  of  this  program  was  to  develop  a lightweight,  low  cost, 
all  plastic  cartridge  case  which  would  represent  a major  advancement  in 
ammunition  technology.  The  use  of  cartridge  cases  which  were  designed  and 
produced  to  exploit  the  many  desirable  properties  of  non-metallic  materials 
would  provide  the  Air  Force  with  many  benefits  such  as:  (i)  reduced  weight, 

(ii)  conservation  of  critical  materials,  (iii)  reduced  thermal  and  mechan- 
ical damage  to  guns  and  (iv)  consequentially  reduced  cost  of  gun  systems 
operations. 

This  development  effort  covers  the  design,  fabrication,  test  and  de- 
livery to  Bglin  Air  Force  Base  of  2500  non-metallic  cased  25mm  cartridges. 

This  program  required  the  integration  of  several  advanced  state-of-the- 
art  concepts  such  as  molded  propellant  charges,  fully  telescoped  cartridge 
configurations,  and  plastic  banded  projectiles  into  an  optimized  plastic 
case  to  achieve  maximum  density  and  thus  a minimum  ammunition  envelope. 

This  section  discusses  the  major  technical  consideration  in  the  design  nnd 
development  of  the  cartridge  case. 

The  two  major  tasks  in  the  program  were  the  design  and  development  of 
the  plastic  cartridge  case  and  the  achievement  of  the  desired  ballistic 
performance  for  the  complete  cartridge.  In  order  to  succeed  in  these 
efforts,  several  design  considerations  were  evaluated.  Although  satisfac- 
tory cartridge  performance  was  desired  in  a compatible  single  shot  fixture, 
it  was  assumed  that,  ultimately,  the  cartridge  must  be  compatible  with  a 
high  rate-of-fire  automatic  gun.  Therefore,  a great  deal  of  consideration 
was  given  to  the  evaluation  of  design  factors  (Table  1)  that  represent  this 
more  severe  environment. 
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TABLE  1 - DESIGN  FACTOR  CONSIDERATIONS 


Cartridge  Head 
Chamber  Clearance 
Seal  Interface 
Cartridge  Case 
Wall  Thickness 
Length 

Contour  (Degree  of  base  taper) 

Extraction 

Material 

The  brass  cartridge  case  evolved  as  a practical  solution  to  problems 
encountered  with  repeating,  breech- loading  firearms.  The  typical  cartridge 
case  must  perform  the  following  functions: 

(a)  Contain  the  propellant  and  ignitor  in  a package  for 

handling  and  environmental  protection. 

(b)  Hold  the  projectile  in  proper  relationship  to  the 

propellant  and  ignitor. 

(c)  Contain  a means  for  propellant  ignition  (primer) . 

(d)  Provide  a breech  seal. 

(e)  Provide  a chamber  seal. 

(f)  Provide  an  easy  means  of  extracting  spent  cases  and 

misfires. 

If  any  of  these  functions  cannot  be  or  are  not  performed  by  the  cartridge 
case,  then  they  must  be  accomplished  elsewhere  in  the  gun  system.  For  ex- 
ample, caseless  and  consumable  cased  cartridges  depend  upon  the  gun  mechanism 
for  breech  and  chamber  sealing.  Overall  cartridge  case  requirements  must  be 
coordinated  with  the  gun  design  for  final  definition. 

The  plastic  required  for  a cartridge  case  must  be  a tough,  relatively 
high  modulus  material,  with  a high  glass  transition  temperature,  a reasonably 
large  value  of  elongation  at  failure,  a dense  molecular  packing,  and  a chem- 
ically resistant  polymer.  The  glass  transition  temperature  identifies  a 
physical  property  in  amorphous  and  crystalline  polymers  where  the  material 
undergoes  a sharp  change  in  mechanical  properties.  Below  this  temperature 
the  material  is  hard  and  brittle,  but  above  it  the  material  begins  to  soften 
and  does  not  exhibit  tensile  strength. 

It  was  felt  that  the  structural  problems  associated  with  plastic  car- 
tridge cases  would  have  development  priority  and  other  considerations  such 
as  moisture  vapor  transmission,  long  term  propellant  compatibility,  effects 
of  solvents,  aging,  et,  cetera,  would  not  be  evaluated  at  this  time.  It  is 
apparent  that  the  solution  of  many  of  these  long  term  problems  may  not  be 
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fully  achievable  with  one  material.  It  may  be  necessary  to  protect  the 
plastic  structural  substratum  with  other  materials  more  resistant  to  the 
effects  of  the  environment. 


« The  GAU-7/A  program  objectives,  ballistic  performances  obtained,  the 

I;  i significant  factors  that  induced  unacceptable  performance  and  the  identified 

$ ! problem  areas  were  reviewed.  The  objectives  were  to  demonstrate  the  feasi- 

I " bility  of  a high  rate  of  fire  gun,  using  a 25mm  telescoped  caseless  car- 

ip  tridge,  over  a temperature  range  of  -65°F  to  +160°F,  to  protect  caseless 

| ammunition  from  the  effects  of  humidity  and  to  provide  obturation  in  the 

| * gun.  It  was  felt  that  the  problem  areas  were  due  to  changes  in  environ- 

I mental  conditions  and  seal  leakage  in  the  gun.  Associated  changes  in 

internal  free  volume  of  the  chamber  resulting  from  thermal  expansion  were 
calculated  based  on  the  GAU-7/A  operational  environments  and  determined 
not  to  be  of  significant  effect  on  the  interior  ballistic  performance  of  the 
cartridge.  The  humidity  and  gun  associated  factors  were  minimized  through 
the  utilization  of  the  plastic  case  and  a new  gun  design  that  minimized 
leakage.  Changes  in  environmental  temperature  had  the  most  significant 
effect  on  ammunition  performance  because  of  the  influence  on  the  reaction 
rate  processes  that  control  the  shot  start  sequences  of  the  telescoped  pro- 
jectile. 

The  single  shot  test  fixture  designed  by  the  U.S.  Army  Armament 
Command  incorporated  a 'unique  breech  concept  developed  by  GATX  under  a 20mm 
plastic  cased  ammunition  development  contract  to  the  U.S.  Air  Force. 

The  results  of  the  program  demonstrated  the  feasibility  of  the  plastic 
cartridge  case  in  a single  shot  fixture  at  ambient  temperature  and  -65°F. 
However,  satisfactory  ballistic  performance  was  only  obtained  at  ambient 
conditions. 


, ■ , r.n.  . .... . ■ - y.v 


SECTION  II 


DESIGN  DESCRIPTIONS 


2.0  General . 

The  25mm  plastic  cased  telescoped  round  of  ammunition,  the  cartridge 
case,  the  forward  chamber  seal,  the  plastic  primer,  the  single  shot  test 
fixtures  and  the  ballistic  performance  goals  are  described  in  this  section. 

2.1  Telescoped  Plastic  Cased  Ammunition. 

The  round  configuration  selected  as  a baseline  was  a GAU-7/A  cartridge 
because  of  the  technological  base  established  and  demonstrated  in  the 
GAU-7/A  Program.  The  GAU-7/A  cartridge  was  composed  of  a forward  and  an 
aft  charge  of  molded  propellant,  a nitrocellulose-mylar®  projectile  re- 
tainer, a nitrocellulose  outer  shell,  a combustible  primer  and  a 3000-grain, 
plastic  banded  projectile.  The  GAU-7/A  cartridge  is  shown  in  Figure  1. 

The  plastic  cased  cartridge  replaced  the  combustible  outer  shell  with  a 
plastic  material  and  the  combustible  primer  with  a conventional  metal  primer 
as  shown  in  Figure  2. 

The  dimensions  of  the  GAU-7/A  cartridge  and  the  gun  chamber  were  made 
based  on  the  conditions  of  a hot,  moist  cartridge  and  a chamber  at  -65°F. 

It  was  necessary  that  the  cartridge  chamber  without  damage.  The  maximum 
outside  diameter  of  the  combustible  case  was  limited  to  1.595  inches.  A 
similar  analysis  with  the  plastic  case  indicated  that  the  maximum  diameter 
could  be  increased  by  0.020  inch  and  remain  compatible  with  the  GAU-7/A 
chamber.  This  increase  in  diameter  allowed  a corresponding  0.020  inch 
increase  in  the  molded  propellant  charge  diameters.  The  projectile  tip 
was  positioned  0.1  inch  from  the  forward  end  of  the  cartridge.  This  pro- 
vided an  aft  charge  length  0.2  inch  greater  than  the  GAU-7/A  aft  charge. 

The  increased  dimensions  of  the  charges  resulted  in  a propellant  charge 
weight  potential  of  143  grams.  This  propellant  weight  resulted  in  a pro- 
pellant charge-to-nrojectile  mass  ratio  similar  to  the  GAU-7/A  ammunition. 
The  projectile  was  retained  inside  the  cartridge  with  a composite  washer 
made  from  mylar®  and  nitrocellulose  paper  or  felt.  The  primer  and  booster 
composition  were  contained  in  a caliber  .32  pistol  cartridge  case  that  was 
inserted  in  the  head  of  the  plastic  cartridge  case.  Gun  breech  obturation 
was  provided  by  both  the  case  and  a plastic  seal  in  the  forward  end  of  the 
cartridge.  The  cartridge  was  crushed  0.050  inch  in  length  during  chambering 
to  minimize  the  annular  spaces  that  exist  at  the  chamber  wall  and  to  reduce 
stress  levels  in  the  case  that  will  occur  from  axial  tension  caused  by  bolt 
deflection.  The  cartridge  components  are  shown  in  Appendix  A. 

2.2  Plastic  Cartridge  Case  . 

The  unusual  uesigns  of  the  ammunition  and  of  the  chambering  and  extrac- 
tion features  of  the  Rock  Island  Arsenal  gun  permitted  a cartridge  case 
design  (Figure  3)  with  a uniform  wall  thickness.  As  shown  in  Figure  4 the 
molded  propellant  provided  internal  structural  support  and  the  telescoped 
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CLOtUM 

Figure  1.  25mm  Caseless  GAU-7/A  Cartridge 


PLASTIC  ROT  ATI 


Figure  2.  25mm  Plastic  Case  Cartridge 


projectile  eliminated  the  cantilever  loads  normally  encountered  with  con- 
ventional cartridges. 

The  most  severe  structural  environment  for  the  cartridge  case  exists 
in  the  gun  when  the  round  fires.  The  body  of  the  case  must  rapidly  expand 
to  the  chamber  wall  and  provide  a high  pressure  gas  seal  against  the  cham- 
ber. With  conventional  ammunition,  this  expansion  must  take  place  before 
the  projectile  has  left  the  case  mouth  or  leakage  will  occur.  Substantial 
shot  start  resistance  must,  therefore,  be  maintained  between  the  projectile 
and  case' mouth,  or  the  pressure  in  the  cartridge  may  release  the  projectile 
before  sealing  occurs  at  the  chamber  wall.  Premature  gas  leakage  will 
erode  the  chamber,  bolt  face  and  possibly  damage  the  receiver. 

The  expansion  of  the  cartridge  case  must  take  place  quickly  (usually 
less  than  one  millisecond)  under  a rapidly  rising  impulsive  load 
(30,000,000  psi  per  second  is  a typical  value  for  brass  cased  ammunition). 
Irregularities,  density  variations,  strength  variations,  or  section  changes 
concentrate  the  strain  in  the  affected  areas  and  may  cause  failure  of  the 
case  wall  or  the  head  at  the  primer  aperture.  Whether  or  not  a metal  in- 
sert to  hold  the  primer  is  necessary  depends  on  the  firing  pin  interface, 
the  cartridge  headspace,  and  the  type  of  plastic  in  the  case.  Primer  re- 
tention failures  in  plastic  cases  result  from  the  low  tensile  strength  and 
modulus  of  the  plastic,  and  from  the  low  coefficient  of  friction  between 
plastic  and  the  metal  primer  which  provides  an  inadequate  friction  load  to 
hold  the  primer  in  place.  If  the  headspace  is  too  large,  the  primer  may 
blow  out  directly  or  the  case  head  may  crack  starting  at  the  primer  hole. 
These  failures  may  be  overcome  either  by  providing  a metal  insert  for  the 
primer  area  to  accommodate  primer  staking  and  seating,  or  very  close  firing 
pin  support  and  minimum  head  space  to  minimize  case  head  flexure  and  reduce 
primer/case  relative  motion. 

Both  filled  and  unfilled  thermoplastics  were  candidate  case  materials. 
The  glass  filled  materials  have  adequate  mechanical  properties  other  than 
being  generally  limited  in  elongation  to  approximately  five  percent  at 
failure.  Unfilled  plastics  have  adequate  elongation  but  inadequate  tensile 
strength.  These  properties  directly  affect  the  cartridge/chamber  interface. 

The  chamber  clearance  problem  is  aggravated  in  automatic  guns  as  a re- 
sult of  thermal  expansion  of  the  chamber  and  the  necessary  tolerances  to 
permit  free  working  of  the  mechanism.  The  amount  of  clearance  between  case 
and  chamber  is  a much  more  critical  factor  with  a plastic  case  than  with  a 
metal  case.  This  clearance  largely  determines  whether  or  not  failures  will 
occur  in  the  case  during  firing.  After  firing,  the  case  must  be  able  to 
quickly  relax  from  the  chamber  wall  to  permit  extraction.  Too  much  clear- 
ance permits  too  much  yield  in  the  case  and  causes  interference  with  the 
chamber  when  the  pressure  decays.  Three  suppositions  intensify  this  condi- 
tion when  plastic  cases  are  used.  These  are: 

(a)  Generally  unfilled  plastics  display  a large  hysteresis 

when  unloaded  rapidly.  The  material  returns  to  an  inter- 
mediate state  of  deformation,  relaxes  and  slowly  creeps 
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back  to  an  unloaded  configuration.  The  rate  of 
return  and  the  final  configuration  depends  upon 
the  percent  elongation  and  the  elastic  limit  of 
the  material. 

(b)  Lower  value  of  restoration  force  requires  that  the 

chamber  pressure  must  "blow  down"  to  a lower  value 
before  the  case  can  begin  to  relax.  This  increases 
its  relaxation  time. 

(c)  Hot  gun  chamber  surfaces  that  result  from  heat  conduction 

through  the  receiver  from  hot  gun.  barrels  will  soften 
the  outer  surface  of  a plastic  cartridge  case,  causing 
partial  adhesion  of  the  case  to  the  chamber  if  a car- 
tridge case  were  left  in  the  chamber  after  a long  firing 
burst. 

Such  considerations  strongly  favor  the  glass  or  graphite  filled  thermo- 
plastics or  the  thermosets  with  their  higher  modulus,  higher  heat  distortion 
temperature,  and  lower  thermal  conductivity. 

The  material  selected  as  the  baseline  for  performance  comparison  was 
Huls  Nylon  12  with  33  percent  glass  fiber  reinforcement.  Each  of  the  car- 
tridges were  injection  molded  by  Irvine  Plastic  Inc.,  Downey,  California. 

A subcontract  was  awarded  to  DeBell  and  Richardson,  Inc.,  Enfield, 
Connecticut  for  designing  and  fabricating  an  injection  mold  for  molding  a 
wide  variety  of  plastic  materials.  The  tooling  was  completed  but  contract 
termination  prevented  its  utilization.  The  materials  planned  for  evaluation 
included  the  following: 

38k  glass  filled  nylon  12  (Huls  1938) 

50%  glass  reinforced  nylon  12  (Thermofil ® N9-5000  FG) 

40%  glass  reinforced  nylon  12  (Thermofil®  N9-4000  FG) 

49%  glass  reinforced  nylon  6/12  (Thermofil®  N6-4900  FG) 

43%  glass  reinforced  nylon  6/12  (DuPont  77G43) 

30%  glass  filled  nylon  11  (Rilsan®  ZM  30) 

40  Shore  D Hytrel ® (DuPont  4055) 

55  Shore  D Hytrel ® (DuPont  5525) 

63  Shore  D Hytrel ® (DuPont  6345) 

Natural  nylons  11,  12  and  6/12. 

Note:  For  suppliers  see  Appendix  B. 


A thermoset  epoxy/glass  fiber  composite  case  shown  in  Figure  S was  also 
evaluated.  The  cases  were  fabricated  by  filament  winding  technology  de- 
veloped at  Brunswick's  Lincoln,  Nebraska  plant.  Tubes  of  the  correct 
diameter  were  fabricated  three  feet  in  length.  Cases  were  machined  from 
each  of  the  tubes.  Steel  heads  and  seals  were  bonded  with  Reichold's 
Epotuf®  37-139  adhesive  to  each  end  of  the  case  providing  an  assembly. 

Both  the  injection  molded  thermoplastic  and  the  epoxy/glass  thermoset 
cases  were  a minimum,  reverse  taper  design  to  be  compatible  with  a gun 
extraction  mechanism  that  functioned  on  either  a push-out  or  push-through 
principal.  The  push-out  function  ejects  the  cartridge  from  the  same  end 
of  the  chamber  as  it  was  loaded  and  allows  minimum  wall  taper  to  assist  in 
disengagement  from  the  chamber  wall  and  provide  cartridge  orientation  for 
component  assembly.  The  push-through  principal  ejects  the  cartridge  from 
the  opposite  end  of  the  chamber  similar  to  that  used  in  the  GAU-7/A  system 
and  requires  a minimum  or  no  taper  in  the  case  wall. 

The  tapered  wall  case  for  the  push-out  extraction  principal  has  the 
potential  of  fewer  extraction  difficulties.  Provided  the  case  wall  is 
sufficiently  stiff,  a portion  of  the  extraction  stroke  could  be  used  to 
free  a bound  case  from  the  chamber  wall  permitting  relatively  low  extrac- 
tion forces.  The  straight  or  minimum  taper  case,  on  the  other  hand,  would 
if  bound,  require  high  extraction  forces  throughout  the  complete  extraction 
cycle.  These  forces  would  result  in  buckling  of  the  case  wall  or  failure 
of  the  case  head.  The  filament  wound  configuration  has  no  taper  and  will 
be  compatible  only  with  the  push-through  principle. 

In  either  system,  the  telescoped  molded  propellant  configuration  offers 
a significant  reduction  in  the  loads  the  case  must  bear  during  misfire  ex- 
traction compared  to  conventional  ammunition.  Although  the  loads  imposed 
are  high  due  to  the  additional  weight  of  projectile  and  propellant,  the 
compressive  strength  of  the  molded  propellant  will  reinforce  the  case, 
eliminating  all  but  local  deformation. 

2.2.1  Cartridge  Head.  The  cartridge  head  was  designed  to  support  the 
firing  pressure  across  the  breech -to-chamber  interface  and  to  maintain  the 
primer/ignitor  integrity.  The  head  exterior  was  a right  circular  cylinder 
geometry  with  a flat  bottom  and  a relatively  sharp  outer  corner  and  a 
0.060  radius  on  the  inside  at  the  junction  of  the  head  base  and  case  side- 
wall.  The  exterior  was  shaped  to  facilitate  gun  breech  support.  Discon- 
tinuities, irregularities  and  changes  in  case  head  to  wall  thickness  were 
minimized  to  roduce  localized  strain  and  stress  risers  because  the  case 
wall  must  move  out  to  the  chamber  at  firing.  The  wall  is  considerably  less 
stiff  in  hoop  than  is  the  head. 

The  effect  of  the  gun  interface  is  of  critical  importance  in  design!  <'?. 
the  head.  The  gun  chamber  and  breech  must  provide  as  much  support  as 
possible  for  the  cartridge  in  this  area.  The  location  and  width  of  the  .'in 
breech  to  chamber  parting  line  must  be  selected  commensurate  with  other  ,im 
requirements  to  provide  the  minimum  width  gap  for  the  case  to  span.  This 
parting  line  should  be  located  and  sized  such  that  the  minimum  gap  can  t> 
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maintained  under  thermal  growth  of  the  gun  and  during  receiver  expansion 
and  elongation  in  firing.  To  the  greatest  extent  possible,  the  gun  breech 
should  provide  line-of-contact  support  for  the  case  head  and  the  gun  breech 
firing  pin  gap  should  be  inside  the  primer  diameter.  The  Brunswick 
Universal  Gun  and  the  Rock  Island  Arsenal  Mann  Barrel  were  designed  with 
these  considerations  in  mind. 

The  filament  wound  cartridge  case  was  tested  initially  with  a metal 
head,  to  be  replaced  with  a molded  glass  reinforced  thermoset  head  or  an 
injection  molded  thermoplastic  head  if  initial  tests  warranted  further  in- 
vestigation. In  this  assembly  the  body-to-head  joint  problem  is  partially 
overcome  by  locating  the  joint  in  the  case  wall  at  an  area  of  constant 
cross  section. 

2.2.2  Ignitor  Cartridge.  The  baseline  cartridge  concept  utilized  a 
caliber  .32  Smith  & Wesson  (S8W)  long,  rimmed,  straight  case  to  house  the 
ignitor  and  primer  (Figure  6) . This  was  necessary  primarily  to  overcome 
any  primer  retention  problems  in  the  initial  stages  while  other  areas  of 
the  case  and  the  cartridge  ballistics  were  being  evaluated.  The  primed 
caliber  .32  S&W  cartridge  case  was  housed  by  a relatively  thin  wailed 
shoulder  in  the  plastic  case  head.  The  metal  case  was  a light  press  fit 
into  this  shoulder  and  seated  flush  with  the  head.  The  metal  case  was 
retained  and  sealed  at  firing  by  gas  pressure  expanding  the  S$W  cartridge 
against  the  plastic  shoulder.  After  the  general  behavior  of  the  plastic 
cartridge  case  in  firing  was  ascertained,  it  was  planned  that  the  SftW 
cartridge  would  be  replaced  with  a molded  plastic  primer. 

2.2.3  Case  Wall.  The  case  wall  must  be  of  relatively  constant  cross 
section  to  eliminate  areas  of  high  strain.  Tapers  were  designed  to  be 
small  and  gentle.  Irregularities  or  discontinuities  were  avoided  if  at 
all  possible.  A great  deal  of  consideration  was  given  to  the  phenomenon 
of  dynamic  straining  in  designing  the  case  wall.  Theoretically,  the  case 
wall  should  have  a constant  hoop  and  longitudinal  stiffness  throughout.. 

Any  sudden  change  in  the  level  of  stiffness  will  concentrate  the  strain  in 
the  weak  area.  Strains  at  firing  may  approach  100  percent  at  these  dis- 
continuities, resulting  in  failure.  Discontinuities  in  injection  molded 
parts  include  poor  weld  lines,  flow  orientation  and  areas  of  reinforcing 
fiber  concentration.  Assembly  discontinuities  include  spin  and  ultrasonic 
weld  lines,  bond  joints,  and  attachment  points. 

With  telescoped  ammunition,  where  the  propellant  is  located  forward  of 
the  projectile,  the  projectile  begins  moving  before  any  significant  gas 
pressure  is  applied  at  the  case  mouth.  The  pressure  is  in  the  rear  portioi 
of  the  case  near  the  head.  Sealing  is,  therefore,  facilitated  if  the  case 
wall  in  this  area  is  a minimum  thickness.  Therefore,  a small  or  zero  tapi  ** 
in  wall  thickness  is  preferred.  For  these  reasons  the  initial  Brunswick 
case  concept  utilized  a nearly  constant  wall  thickness. 


2.2.4  Case  Mouth/Forward  Seal.  The  design  of  a successful  forward 
seal  was  anticipated  to  be  critical  in  the  development  of  a fully  telescoped 
plastic  cased  cartridge.  The  seal  configurations  evaluated  are  illustrated 
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| in  Figure  7 and  the  gun  chamber  interface  is  shown  in  Figure  8.  Detailed 

1 drawings  are  shown  in  Appendix  A. 

The  forward  seal  must  provide  an  initial  low  pressure  seal  against  the 
barrel  face  at  shot  start  and  a high  pressure  seal  against  the  barrel  face 
and  across  the  chamber/ receiver  parting  line  at  peak  chamber  pressure.  The 
initial  barrel  face  seal  is  necessary  to  prevent  gas  leakage  at  low  pressure 
since  the  use  of  pressure  drop  to  achieve  the  high  pressure  seal  is  pre- 
cluded. 

' There  are  two  possible  ways  of  achieving  an  initial  barrel  face  seal. 

The  first  method  is  to  mechanically  bring  the  cartridge  and  the  seal  into 
contact  with  the  barrel  face  (crush -up) . The  second  method  is  to  utilize 
the  shot  start  cycle  of  the  telescoped  round  to  affect  the  seal.  It  is 
known  that  the  front  propellant  charge  will  move  forward  and  bear  with 
considerable  force  against  the  forward  end  of  the  cartridge  when  the  igni- 
tor fires.  This  is  due  to  load  transmission  through  the  projectile  re- 
tention system  and  the  build-up  of  pressure  in  the  rear  propellant  charge. 
Once  a barrel  face  seal  is  achieved , the  build-up  of  chamber  pressure  can 
be  utilized  to  hold  the  forward  seal  against  the  barrel  face. 

There  must  be  some  relative  longitudinal  motion  between  the  sealing 
face  of  the  forward  seal  and  the  cartridge  case;  the  sealing  face  must 
remain  stationary  against  the  barrel  face  while  the  case  moves  with  the 
elongation  of  the  receiver.  At  the  same  time  there  must  be  no  relative 
\ radial  movement  between  the  seal  and  the  case  or  gas  leakage  will  occur 

between  the  case  and  the  radial  sealing  face.  In  addition,  the  longitudi- 
nal movement  of  the  seal  must  be  restricted  or  it  will  become  detached 

(from  the  case  and  fall  out  during  extraction. 

The  forward  seal  may  be  placed  outside  (Figure  9)  or  inside  (Figure  10) 
the  case  mouth  but  must  be  mechanically  attached  in  the  longitudinal  direc- 
tion to  the  cas*  wall.  To  effect  a radial  seal,  the  junction  between  the 
j seal  and  the  case  wall  must  be  maintained  under  the  forces  exerted  by  the 

: rising  chamber  pressure.  The  configuration  with  the  seal  attached  to  the 

j outside  of  the  case  requires  tm; . the  case,  when  pressurized,  carry  the 

\ seal  to  the  chawber  wall.  The  concept  with  the  seal  on  the  inside  of  the 

| cases  requires  that  the  seal  carry  the  case  to  the  chamber  wall.  TM« 

! mechanical  movement  requires  that  the  seal  material  posse.**  mechanical 

1 properties  that  are  similar  to  the  case  material.  A stiff  metal  seal,  for 

example,  would  cause  case  failure  at  the  seal  junction.  Metal  seals  were 
not  anticipated  to  be  satisfactory  but  were  evaluated  for  baseline  compara- 
tive purposes. 

/ . 

I An  alternate  concept  of  seal  positioning  was  evaluated.  The  mcchai  sn. 

■ was  based  on  the  early  portion  of  the  shot  start  cycle  utilizing  tl*e  ior- 

! ward  motion  of  the  projectile  to  force  the  seal  into  position.  The  inside 

diameter  of  the  seal  was  smaller  than  the  outside  diameter  of  the  projec- 
? tile  to  ensure  that  an  interference  condition  would  exist  when  the  projec- 

i tile  enters  the  barrel.  The  concept  is  illustrated  in  Figure  11. 
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Figure  10.  Non -Metallic  Chamber  Seal  Assembly 
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2.2.5  Primer.  Two  types  of  primers  were  planned  for  evaluation. 

These  consisted  of  the  conventional  metal  (boxer  type)  and  a plastic  con- 
cept  based  on  the  GAU-7/A  combustible  primer.  The  metal  primer  size  was 
controlled  by  the  primer  cavity  in  the  Smith  5 Wesson  ignitor  case.  The 
primers  that  were  available  were  the  small  pistol,  small  rifle  and  magnum 
small  rifle.  The  metal  primer  construction  is  characterized  by  a metal 
cup  containing  a primary  explosive  mix  and  an  anvil.  The  primer  functions 
by  a pinching  action  imposed  by  a firing  pin  impacting  the  cap  and  forcing 
it  to  squeeze  the  primer  mix  against  the  anvil.  The  primer  mix  ignites 
under  the  impact  force. 

A plastic  primer  was  designed  for  test  evaluations.  The  primer  con- 
figuration  was  based  on  the  combustible  primer  technology  developed  in 
the  GAU-7/A  program.  The  primer  functions  similarly  to  the  metal  primer 
by  squeezing  the  primer  mix  in  a confined  space.  The  primer  shown  in 
Figure  12  was  composed  of  an  outer  cup,  a split  wedge  firing  pin  tip,  an 
anvil,  a cover  and  a small  quantity  (100  milligrams)  of  primer  mix  FA  1061. 
The  mix  was  located  between  the  firing  pin  tip  and  an  aperture  in  the  outer 
cup.  The  aperture  functioned  as  a flash  hole  to  control  the  direction  of 
the  primer  flash  into  the  ignitor  booster  cavity.  A plastic  firing  pin 
tip,  modeled  after  the  GAU-7/A  firing  pin,  was  positioned  in  the  cup  to 
provide  a 0.050  ± 0.010  inch  standoff  above  the  mix.  The  primer  components 
were  machined  from  nylon  6/6  and  Celcon®  rod  as  shown  in  Figure  13.  The 
outer  cup  was  dimensioned  to  fit  into  the  aperture  in  the  case  head  that 
was  provided  for  the  caliber  .32  Smith  S Wesson  cartridge.  The  assembly 
is  shown  in  Figure  14. 

2.3  Single  Shot  Fixture  Design. 

2.3.1  Brunswick  Universal  Fixture.  The  Brunswick  Universal  Test  Fix- 
ture is  shown  in  Figure  15.  The  fixture  consists  of  yoke  shaped  receiver 
with  threaded  inserts  at  each  end.  The  forward  insert  and  the  barrel 
adaptor  supports  the  barrel  and  the  breech  extender  and  the  breech  screw 
provides  movement  of  the  breech  to  engage  the  chamber.  The  chamber  is  com- 
pletely removed  from  the  receiver  to  load  a cartridge.  The  loaded  chamber 
is  positioned  in  the  receiver  and  aligned  with  the  barrel  and  firing  pin. 
The  breech  screw  is  threaded  forward  to  engage  the  chamber  and  exert  a 
compressive  force  against  the  barrel  adaptor.  The  compressive  load  also 
provides  the  desired  crush-up  of  the  cartridge  case.  The  cartridge  is 
fired  by  a dynamic  piston  actuated  hammer  that  impacts  the  firing  pin.  A 
magnetic  sensor  recorded  the  impact  of  the  primer.  Piezometric  pressure 
transducers  recorded  the  pressure-time  profiles  at  specific  locations  in 
the  fixture.  Pressures  can  be  recorded  at  the  breech  face,  mid-chamber, 

in  the  barrel  six  inches  from  the  entrance  cone  and  one  inch  from  the 
muzzle.  The  interior  ballistic  data  was  recorded  on  each  test  and  utilized 
to  characterize  the  effects  of  components  and  their  interaction  muzzle 
velocity.  For  test  data  see  Appendix  C. 

2.3.2  Rock  Island  Arsenal  Mann  Barrel.  The  single  shot  test  fixture 
design  selected  for  this  evaluation  was  based  on  the  sliding  chamber  sleeve 
concept  developed  by  Rock  Island  Arsenal  (RIA)  for  the  AMCAWS  30  cartridge 
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The  fixture  utilized  the  reverse  taper  of  the  cartridge  for  alignment  with 
the  barrel,  cartridge  crush-up,  and  the  obturation  of  the  seal  prior  to 
firing.  The  chamber/bolt  interface  is  sealed  by  an  automotive  type  valve 
seat  developed  by  GATX  for  a similar  cartridge  design  under  Contract  No. 
F08635-73-0-0003;  AFATL-TR-73-220.  The  plastic  case  and  the  RIA  gun  pro- 
vided a suitable  test  vehicle  for  the  shot  start  studies  planned.  The 
fixture  is  shown  in  Figure  J6. 

2.4  GAU-7/A  Program  Experience 

A review  of  the  GAU-7/A  ballistic  performance  results  was  conducted  to 
determine  and  establish  the  requirements  for  the  plastic  cased  cartridge. 
The  problem  areas  encountered  in  the  GAU-7/A  program  were;  (i)  humidity, 
(ii)  high  and  low  temperature  exposure,  (lii)  thermal  growth  of  the  gun, 
and  (iv)  seal  obturation. 

The  ballistic  results  of  the  GAU-7/A  program  indicated  that  the  case- 
less  cartridge  was  compatible  with  the  gun  dynamic  environment  and,  with 
the  environmental  conditions  and  with  limitations  imposed  on  temperature 
and  humidity,  could  meet  the  performance  objectives.  A revised  performance 
specification  was  suggested  by  Brunswick  at  the  conclusion  of  the  GAU-7/A 
program  with  limitations  on  temperature  and  humidity  as  follows: 

(a)  Muzzle  Velocity.  The  mean  muzzle  velocity  shall  be 

4000  t 388  f«®t/second  from  50°F  to  90°F.  A minimum 
of  65  percent  of  all  rounds  fired  shall  be  above  the 
minimum  specified  velocity  as  indicated  in  the  para- 
graph below  for  temperature  variations. 

(b)  Chamber  Prossure.  The  mean  chamber  pressure  plus  3 

standard  deviations  shall  not  exceed  75,000  psi, 
except  at  temperatures  between  +100°F  and  -il60oF 
where  the  individual  chamber  pressure  shall  not 
exceed  75,000  psi.  Individual  round  pressures  of 
less  than  40,000  psi  may  be  excluded  in  determining 
R and  a,  except  below  70°F. 

(c)  Action  Time.  The  mean  action  time  shall  be  less  than 

14  milliseconds  at  any  temperature  and  the  individual 
action  time  shall  be  less  than  16  milliseconds  at 
temperatures  greater  than  -40°F.  For  temperatures 
above  80°F,  the  mean  action  time  shall  not  exceed 
10  milliseconds  and  the  standard  deviation  shall  not 
exceed  1.5  milliseconds. 

(d)  Temperature.  The  ammunition  shall  be  capable  of  opera- 

tion during  and  after  exposure  to  the  following  condi- 
tions : 


(1)  Storage  Temperature:  -80°F  to  +160°F  (protected 

in  shipping  container) 
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(2)  Feed  Bay  Temperature:  -65°F  to  +160°F 

(24  hours  continuous) 

(3)  Tunnel  Temperature:  -6S°F  to  +160°F 

(30  minutes  continuous) 

The  ammunition  muzzle  velocity!  after  exposure  to  the 
induced  environment  (temperature  range  -20°F  to 
+120°F),  shall  not  be  degraded  more  than  10  percent 
from  the  low  value  specified  in  paragraph  2.4  (a). 
MIL-STD-810B,  Method  501,  Procedure  I,  and 
MIL-STD-810B,  Method  S02t  Procedure  I shall  apply. 

No  velocity  degradation  shall  occur  due  to  storage 
in  the  shipping  container.  Between  -20°F  and  -6S°F, 
no  individual  round  shall  be  below  2000  ft/sec.  The 
mean  value  for  all  rounds  shall  be  above  2600  ft/sec. 
Between  120°F  and  160°F  no  individual  round  shall  be 
below  2S00  ft/sec.  The  mean  value  for  all  rounds 
shall  be  above  3000  ft/sec.  Sixty-five  percent  of 
all  rounds  will  be  above  3000  ft/sec. 

(e)  Humidity.  The  ammunition  shall  be  capable  of  operation 
during  and  after  exposure  to  relative  humidity  condi- 
tions. This  excludes  conditions  wherein  condensation 
occurs  in  and  on  the  equipment.  MIL-STD-810B,  Method 
507,  Procedure  V applies,  five  cycles  only. 

The  variabilities  associated  with  the  GAU-7/A  ballistic 
performance  have  been  identified  to  be  those  factors 
that  affect  the  thermochemical  properties  of  the  pro- 
pellant charges.  These  properties  are  related  to  the 
ignition  and  combustion  (reaction  rate)  processes  that 
control  the  interior  ballistics  of  the  telescoped  car- 
tridge, The  portion  of  the  ballistics  that  is  the 
most  sensitive  to  these  factors  is  the  shot  start 
cycle.  This  cycle  is  a sequence  of  events  that  moves 
the  projectile  to  the  barrel  and  ignites  the  propellant 
charge.  The  sequence  involves  the  interaction  of  several 
rate  dependent  functions.  These  include  the  action  of 
the  primer,  the  ignitor  booster,  the  projectile  retainer, 
the  projectile  release,  travel  and  barrel  obturation, 
band  engraving,  and  propellant  ignition.  The  factors 
that  have  a significant  effect  on  these  functions  are: 

(1)  Temperature 

(2)  Humidity 

(3)  Pressure 
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(4)  Gun  System  Variables.  These  include  chamber 
seal  leakage,  barrel  wear  and  growth  and 
chamber  and  receiver  growth. 

2.4.1  Temperature  Effects.  The  temperature  factor  is  the  heating  or 
cooling  of  the  cartridge  which  results  from  changes  in  environmental  condi- 
tions. The  effect  of  changes  in  temperature  is  observed  in  rate  control- 
ling processes  in  the  shot  start  sequence.  These  processes  include  the 
function  of  the  ignitor,  the  retainer,  the  engraving  band,  and  propellant 
ignition.  Elevated  temperatures  (120°F  to  160<>F)  accelerate  the  ignitor's 
reaction  rate,  ignition,  retainer  release,  and  the  projectile  engraving 
process.  Low  temperatures  (-65°F  to  20°F)  retard  these  processes.  The 
control  of  these  events  is  essential  to  controlling  the  projectile's  travel 
to  the  barrel.  It  is  important  that  the  projectile  obturate  the  barrel 
prior  to  propellant  charge  ignition  (8000  psi)  to  prevent  propellant  from 
entering  the  barrel  ahead  of  the  projectile.  Retarding  propellant  ignition 
at  an  elevated  temperature  but  not  a cold  temperature  is  a major  problem. 

One  adverse  effect  of  elevated  temperature  (120CF  to  160°F)  on  ballis- 
tic performance  is  characterized  as  propellant  blowby  (PBB)  and  typically 
results  in  low  muzzle  velocity  (2000  fps),  short  action  time  (4.5  ms),  and 
moderatly  high  chamber  pressures  (45  kpsi) . 

Low  temperature  (20°F  to  -65°F)  produces  entirely  different  ballistic 
performance.  The  reduction  of  heat  delays  the  ignition  of  the  propellant 
charge.  The  result  can  be  an  extended  action  time  (14  msec) , increased 
muzzle  velocity  (4100  fps) , and  increased  chamber  pressure  (75  kpsi) . 

The  effect  of  low  engraving  force  band  materials  such  as  nylon  has  been 
shown  to  induce  an  additional  variation  in  performance  at  temperatures  from 
70°F  to  -650F.  , This  type  band  does  not  provide  sufficient  resistance  to 
projectile  travel  at  engraving  and  the  projectile  continues  into  the  barrc  ! , 
The  characteristic  performance  is  a range  in  action  times  from  10  to  18 
msec,  low  muzzle  velocity  (2000  fps),  and  low  chamber  pressure  (20  kpsi). 

2.4,2  Humidity  Effects.  Moisture  levels  up  to  2.5  percent  in  the  pro- 
pellant charges  have  been  observed  to  be  beneficial  in  stabilizing  the  com- 
bustion process.  The  effect  is  believed  to  be  catalytic  and,  in  reactions 
involving  black  powder,  the  moisture  yields  a more  complete  decomposition. 
However,  moisture  levels  greater  than  2.5  percent  are  detrimental  to  ballis- 
tic performance  because  the  heat  of  vaporization  becomes  a controlling 
factor  in  the  ignition  process.  Additional  energy  and  time  are  required  to 
evaporate  the  moisture  and  ignite  the  charge.  The  performance  is  similar 
to  the  effect  of  low  temperature  except  that  hangfires  and  misfires  can 
result.  The  combined  effect  of  humidity  and  low  temperature  further  con  pi ■ 
cates  the  problem,  resulting  in  hangfires  and  misfires. 


2.4.3  Pressure  Effects.  Pressure  is  not  an  environmental  factor  In  r. 
rather  an  internal  factor  that  affects  the  shot  start  cycle.  Pressure  i.as 
the  primary  role  of  moving  the  projectile  to  the  barrel.  It  also  has  a 
secondary  role  in  controlling  the  ignition  of  the  propellant.  The 


propellant  combustion  (reaction  rate)  is  pressure  dependent  in  addition  to 
being  temperature  dependent.  Pressures  in  the  range  of  5 kpsi  to  7 kpsi 
are  required  to  provide  stable  combustion.  Factors  in  the  cartridge  and 
gun  that  influence  the  rate  of  pressure  rise  will  directly  affect  the 
ballistic  performance.  The  environmental  factors  of  temperature  and 
humidity  affect  pressure  rise  rate  through  the  control  of  the  reaction 
rate.  The  engraving  band  affects  projectile  travel  which  is  related  to 
pressure  control  by  determining  internal  free  volume.  The  seals  in  the 
GAU-7/A  gun  have  been  shown  to  affect  performance  by  allowing  ignition 
gas  to  escape.  The  effect  of  gas  leakage  is  normally  observed  as  an 
increase  in  action  time  (21  msec)  accompanied  by  propellant  blowby  pro- 
ducing low  muzzle  velocity  (3000  fps)  and  low  chamber  pressure  (35  kpsi) . 

2.4.4  Gun  System  Variations.  Gun  system  related  problems  were  also 
observed  in  multishot  burst  firings.  Ballistic  performance  variations 
(increased  action  times)  were  recorded  that  were  not  observed  in  single 
shot  firings.  The  difficulties  were  identified  as  thermal  effects  induced 
in  the  gun  by  the  combustible  ammunition.  The  problem  areas  were: 

(a)  Chamber  and  Receiver  Growth.  The  thermal  growth  of  the 

chamber  and  receiver  was  calculated  based  on  a mass 
average  temperature  of  approximately  900°F.  This 
temperature  was  considered  to  be  the  highest  that 
would  occur  at  the  conclusion  of  a 1000-round  burst 
at  full  rate  with  air  being  forced  down  the  hot 
barrels.  The  chamber  diameter  was  estimated  to  in- 
crease from  1.615  inches  to  1.625  inches  and  the 
chamber  length  increased  approximately  0.040  inch. 

These  changes  in  chamber  dimensions  were  not  antici- 
pated to  significantly  affect  the  ballistic  performance. 

The  significant  dimensional  change,  however,  was  ob- 
served to  occur  in  the  gap  between  the  chamber  and  the 
receiver.  The  thermal  growth  of  the  receiver  was  cal- 
culated to  yield  a gap  that  was  0.040  inch  greater 
than  the  nominal  0.02U  inch  gap  at  ambient  temperature. 

This  increased  gap  affected  the  gun  chamber  seal  obtu- 
ration and  the  ballistic  performance. 

(b)  Seal  Leakage.  Gun  seals  were  incorporated  at  each  end 

of  the  chamber  to  obturate  with  the  barrel  at  one  end 
of  the  chamber  and  with  the  receiver  at  the  other  end. 

The  seals  were  captured  but  could  expand  radially  and 
move  longitudinally  to  the  chamber.  Seal  motion  and 
closing  depended  entirely  on  pressure  generated  by  the 
combustible  ammunition.  A gas  leak  existed  until  the 
local  pressure  reached  8000  psi.  A seal  requiring 
8000  psi  for  complete  obturation  indicates  that  a 
variable  gas  leak  will  exist  for  the  duration  of  the 
shot  start  cycle.  The  radial  expansion  ov  the  seal 
provided  a gas  seal  in  the  seal  cavity  and  the  longi- 
tudinal seal  movement  compensated  for  tolerance 
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differences  between  gun  chambers  and  the  receiver. 

The  longitudinal  distance  the  seal  moved  was  a 
function  of  chamber,  receiver,  and  seal  temperatures 
as  well  as  initial  clearances  due  to  tolerancing. 

Because  of  significant  differences  in  mass  and  heat 
flux,  the  seal,  chamber,  and  receiver  did  not  heat 
and  expand  in  consonance  with  one  another,  and  seal 
performance  varied  correspondingly  during  a burst  of 
ISO  rounds. 

The  ignitor  components  of  the  shot  start  cycle  will 
tolerate  small  changes  in  leak  rates  but,  because 
their  thermochemical  properties  are  pressure  depen- 
dent, seals  that  fail  to  close  have  a significant 
influence  on  ballistic  performance.  A leaking  seal 
will  produce  the  category  of  performance  known  as 
delayed  ignition  accompanied  by  propellant  blowby 
with  action  times  up  to  and  exceeding  21  milliseconds, 

(c)  Barrel  Wear  and  Growth.  The  effect  of  barrel  wear  and 
diametrical  thermal  expansion  of  the  entrance  cone 
has  a direct  influence  on  the  projectile  engraving 
properties.  Variations  in  the  projectile  position 
will  affect  the  free  volume  and  the  propellant  igni- 
tion process.  Barrel  wear  and  growth  will  result  in 
increased  and  variable  action  time  (8  to  14  msec) , 
decreased  and  variable  muzzle  velocity  (3500  fps  to 
2500  fps)  accompanied  by  variable  chamber  pressures 
(45  kpsi  to  25  kpsi).  The  magnitude  of  the  performance 
degradation  will  depend  on  the  engraving  loads  which 
in  turn  depend  on  the  geometry  and  material  of  the  ro- 
tating band  and  the  barrel's  internal  geometry.  Varia- 
tions due  to  thermal  growth  will  be  more  significant 
in  rapid  firing  gun  systems. 


SECTION  III 


DEVELOPMENTAL  TESTING 


3.1  Background . 

Tho  results  of  the  GAU-7/A  Phase  IV  ammunition  development  program 
identified  the  major  problem  areas  associated  with  the  ballistic  perfor- 
mance. These  areas  were  the  environmental  conditions  of  humidity  at  the 
temperature  extremes  of  -65°F  and  160°F  and  the  multishot  gun  variables 
associated  with  thermal  growth  and  leaking  chamber  seals.  It  was  believed 
that  solutions  to  these  problems  could  be  achieved  through  design  changes 
in  both  the  cartridge  and  the  gun. 

The  replacement  of  the  GAU-7/A  combustible  case  with  a plastic  case 
eliminates  a temperature  and  humidity  sensitive  component  from  the  shot 
start  cycle.  The  plastic  case  will  not  provide  a moisture-proof  cartridge 
but  resistance  to  the  humidity  environment  will  be  improved.  The  plastic 
case  will  reduce  thermal  heating  of  the  chamber  that  will  result  in  closer 
dimensional  tolerances  which  will  improve  the  chamber/barrel  seal  interface 
significantly.  The  replacement  of  the  combustible  primer  with  a conven- 
tional metal  primer  will  eliminate  the  need  for  firing  pin  seals  and  pre- 
vent pin  tip  orosion,  The  metal  flash  tube  that  supports  the  primer  and 
houses  tho  ignitor  charge  will  provide  directional  control  of  the  ignitor 
gases  that  was  not  possible  in  the  GAU-7/A  cartridge. 

Tha  incorporation  of  a chamber  seal  in  the  cartridge  ensures  that  the 
gas  seal  at  the  chamber/barrel  interface  is  positioned  prior  to  firing. 

The  ability  to  seal  the  chamber  independently  of  pressure  eliminates  the 
most  significant  GAU-7/A  gun  variable.  The  cartridge  seal  provides  chamber 
obturation  similar  to  the  technique  utilised  in  conventional  cased  ammuni- 
tion. The  elimination  of  the  variable  seal  leakage  rate  will  permit  shot 
start  studios  to  be  conducted  under  more  controlled  conditions. 

3.2  Development  Test  Plan. 

Tho  test  plan  was  directed  at  establishing  the  cartridge  configuration 
for  tho  2500  rounds  of  deliverable  ammunition.  The  specific  areas  to  be 
evaluated  were  the  ignition  (booster)  charge,  the  molded  propellant  charge, 
the  cartridge  case  material,  and  the  cartridge  seal  design  configuration 
and  material.  Five  hundred  Mann  barrel  tests  were  planned  to  observe  the 
effects  of  temperature,  humidity,  propellant  and  hazard  environmental  ex- 
posure on  the  ballistic  perfoi*mance  of  the  cartridge.  The  baseline  car- 
tridge configuration  selected  for  these  studies  consisted  of  the  forward 
charge;  aft  charge  and  a nitrocellulose  retainer.  The  component  changes 
were  minimized  to  keep  the  number  of  variables  as  small  as  possible.  The 
component  variables  that  were  permitted  to  change  were  (i)  the  propellant 
relative  quickness  and  charge  weight,  (ii)  the  booster  composition,  (iii) 
granulation,  and  charge  weight,  (iv)  the  primer  type,  (v)  the  cartridge 
case  mattsrial,  and  (vi)  tho  cartridge  seal  configuration  and  material. 


3.3  Component  Evaluations. 

3.3.1  Propellant  Charge.  The  propellant  charges  evaluated  were 
fabricated  from  GAU-7/A  propellant  lots  5479,  5473,  5472,  5463,  and  5440 
from  Canadian  Industries  Limited  (CIL)  and  8446-9  and  8472-1  from  E.  I. 
duPont  de  Nemours  and  Co.,  Inc.  The  relative  quickness  (RQ)  of  these 
lots  ranged  from  90  percent  to  104  percent  of  the  GAU-7/A  standard  pro- 
pellant, CIL  lot  5425.  The  propellant  charge  weights  ranged  from  126  grains 
to  143  grams.  The  average  aft  charge  weight  was  45  grams  for  all  the  tests. 

Ballistic  tests  (See  Appendix  C,  Test  Serial  Nos.  1,  2,  3,  4,  8,  9, 
and  10  [55  rounds])  were  utilized  to  establish  the  propellant  charge  re- 
quirements. The  test  series  resulted  in  a complete  spectrum  of  ballistic 
performance  from  high  pressure  stop  mode  to  low  pressure  blowby  behavior. 
Stop  mode  behavior  is  defined  as  occurring  when  a rapid  ignitor  propels 
the  projectile  disproportionately  faster  than  it  ignites  the  propellant, 
causing  the  engraving  resistance  of  the  barrel  to  stop  the  projectile 
momentarily  until  a pressure  rise  created  by  further  flame  speed  can  again 
accelerate  the  projectile.  Low  pressure  blowby  is  a condition  of  under- 
ignition which  accelerates  the  projectile  so  slowly  that  gas  reaches  the 
barrel  ahead  of  the  projectile.  The  results  of  the  tests  indicated  that 
several  combinations  of  charge  RQ  and  weight  would  meet  tho  GAU-7/A  per- 
formance specification  at  ambient  conditions.  For  example,  the  ballistic 
performance  of  a 104  RQ  charge  at  a weight  of  126  grams  was  similar  to  the 
performance  of  a 95  RQ  charge  at  a 136-gram  weight.  The  significant  dif- 
ferences were  observed  in  the  ballistic  action  times,  with  tho  shorter 
time  (4.5  to  6.5  ms)  associated  with  the  104  RQ  propellant.  The  occurrence 
of  blowby  performance  was  observed  to  be  60  percent  greater  with  the  104  RQ 
propellant  than  with  the  lower  RQ  propellant.  GAU-7/A  experience  demon- 
strated that  increased  cycle  times  occurred  at  low  temperatures  with  low 
RQ  propellant  and  that  increased  muzzle  velocity  variations  would  result 
at  elevated  temperatures  with  high  RQ  propellant.  A compromise  charge  wa-' 
selected  to  assure  as  wide  an  operational  temperature  range  as  possible. 

The  baseline  propellant  charge  was  established  to  have  a relative  quickness 
at  98  t 2 percent  and  an  average  charge  weight  of  130  ± 2 grams.  The 
anticipated  GAU-7/A  performance  goal  could  be  achieved  but  action  times 
would  range  from  7 to  10  milliseconds.  The  results  of  the  ten  best  tests 
utilizing  baseline  components  are  shown  in  Table  2. 

TABLE  2 - TEN  BEST  TEST  RESULTS 


Chamber 

Muzzle 

Muzzle 

Actioi' 

Pressure 

Pressure 

Velocity 

Time 

(KPSI) 

(KPSI) 

(FPS) 

(MS) 

55 

7.0 

3890 

B 

5.3 

0.9 

140 

1.7 

A typical  pressure-time  record  is  shown  in  Figure  17. 
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3.3.2  Ignitor.  The  ignitor  compositions  selected  for  evaluation  were 
based  on  their  performance  in  the  GAU-7/A  program  and  recommended  for 
continued  evaluation.  These  materials  included  black  powder  Class  3 and 
Class  6;  Flare  Northern's  Titanium-barium  nitrate;  and  McCormick  Selphs' 
compositions  300432  and  300439.  The  charge  weights  of  each  material 
could  range  from  0.1  gram  to  1.5  grams  depending  upon  the  granulation 

and  purposes  of  the  ballistic  test.  Vendors  are  listed  in  Appendix  B. 

Ballistic  tests  (See  Appendix  C,  Test  Serial  Nos.  1,  2,  3,  4,  5,  and 
15  [44  rounds])  were  conducted  to  establish  the  baseline  ignitor.,  The 
energetic  ignitors  that  were  successful  in  the  GAU-7/A  program  did  not 
perform  successfully  because  of  the  absence  of  the  gun  seal  leak.  These 
ignitors  were  represented  by  the  Flare  Northern  and  the  McCormick  Selph 
materials.  Test  results  demonstrated  that  the  cartridge  was  less  sensi- 
tive to  small  changes  (0.05  gram)  in  ignitor  charge  weight  when  blaok 
powder  was  ed.  The  baseline  ignitor  charge  weight  selected  was 
0.75  ± 0.05  gram  of  Class  3 black  powder. 

3.3.3  Primer. 

3. 3. 3.1  Plastic  Primer.  The  development  of  the  plastic  primer  was 
limited  to  ball  drop  sensitivity  test  evaluations  because  the  Brunswick 
Universal  Test  Fixture  was  not  capable  of  delivering  the  required  impact 
energy  and  the  Rock  Island  Gun  was  not  fabricated  at  that  time  in  the  pro- 
gram. 

A standard  ball  drop  test  apparatus  was  used  to  evaluate  primer  designs 
and  determine  the  initiation  energy.  An  illustration  of  the  ball  and  the 
primer  simple  test  tool  is  shown  in  Figure  18.  The  ball  drop  plastic 
primer  test  hardware  dimensions  are  shown  in  Figure  19.  The  primer  compo- 
nents were  designed  for  ease  of  manufacture  and  for  convenience  in  evaluat- 
ing the  critical  variables  associated  with  initiation  energy,  primer  mix 
composition  thickness  and  cup  dimensions.  No  attempt  was  made  to  retain 
the  firing  pin  or  to  recess  the  primer  in  the  case.  The  results  of  the 
evaluation  demonstrated  that  a plastic  primer  would  withstand  the  prime*' 
mix  explosion  and  provide  directional  control  of  the  output  jet  of  gas. 

The  initial  energy  was  shown  to  be  dependent  on  the  anvil  hardness,  mix 
thickness,  and  firing  pin  travel  distance.  The  anvil  material  selected 
was  nylon  6/12,  43  percent  glass,  the  primer  mix  thickness  was  0.010  inch 
to  0.025  inch,  and  the  firing  pin  tip  minimum  standoff  was  determined  to 
be  0.050  inch.  The  plastic  primer  demonstrated  that  the  initiation  energy 
at  ambient  conditions  was  250  inch-ounces.  A minimum  hardness  value  for 
the  anvil  and  pin  tip  were  selected  at  a Shore  D of  84 . 

3. 3. 3. 2 Metal  Primer.  The  initial  gun  firing  tes  were  conduct'd 

with  caliber  .32  Smith  and  Wesson  brass  cartridges.  These  cartridges  con- 
tained pistol  primers.  The  gun  tests  showed  repeated  occurrence;-  of  pt  mer 
cap  perforation.  To  eliminate  the  hole  in  the  cap,  small  rifle  prinev 
were  evaluated.  Two  energy  levels  were  selected  - the  stand  rd  mall  fie 

primer  and  the  magnum  small  rifle  primer.  Both  rifle  primers  wei e maim 
factured  by  Cascade  Cartridge,  Inc.  (CC1)  and  were  identified  as  No.  40» 
and  No.  450  M,  respectively. 
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Fifteen  rounds  (See  Appendix  C,  Test  Serial  No.  19)  were  tested  to 
compare  the  performances  of  the  two  types  of  rifle  primers  with  the  pistol 
primer.  The  results  of  the  tests  indicated  that  there  was  no  significant 
difference  between  the  pistol  and  the  small  rifle  primers.  Increased  per- 
formance variability  was  observed  with  the  magnum  primer.  Based  on  these 
results , the  small  rifle  primer  was  selected  for  the  baseline  cartridge 
and  used  in  all  subsequent  tests. 

3.3.4  Cartridge  Case.  Four  cartridge  case  material  formulations  were 
evaluated  in  the  ballistic  environment.  Three  materials  were  injection 
molded  from  33  percent  glass  filled  nylon  12  (Huls  1938)  and  43  percent 
glass  reinforced  nylon  6/12  (DuPont  77G43) . The  fourth  material  was  an 
epoxy  glass  filament  thermoset.  The  case  materials  were  evaluated  con- 
currently with  the  studies  to  establish  the  propellant  charge,  the  ignitor, 
the  primer  and  the  seal.  The  results  of  133  cases  evaluated  at  ambient 
conditions  and  30  cases  at  -65®F  can  be  found  in  Appendix  C,  Test  Serial 
Numbers  1 thru  19,  inclusive. 

The  results  of  the  ballistic  test  evaluations  indicated  that  the  DuPont 
77G43  cases  had  a greater  tendency  to  fail  by  cracking  than  did  the  Huls 
material.  A typical  case  failure  is  shown  in  Figure  20.  The  crack  can  be 
observed  to  proceed  across  the  case  head  and  longitudinally  down  the  case 
side  wall.  The  charred  white  areas  adjacent  to  the  crack  represent  the  gas 
flow  path.  The  gas  flow  was  restricted  to  the  vicinity  of  the  crack  be- 
cause the  remaining  surface  of  the  case  obturated  the  gun  chamber.  The 
impression  observed  in  the  case  head  was  a result  of  the  plugged  breech 
pressure  aperture.  The  case  did  not  fail  at  this  point. 

The  mechanism  of  the  case  failure  was  determined  by  cross  sectioning 
several  of  the  failed  cases.  The  crack  was  observed  to  originate  at  loca- 
tion "A"  at  the  interface  between  the  caliber  .32  Smith  and  Wesson  (S$W) 
cartridge  and  the  open  end  of  the  shoulder  supporting  the  cartridge  in  the 
case  head.  The  failure  is  shown  pictorial ly  in  Figure  21.  It  should  be 
noted  that  the  expanded  portion  of  the  S5W  cartridge  secures  the  cartridge 
to  the  plastic  case  to  prevent  separation  after  firing.  The  figure  also 
shows  the  extension  of  the  plastic  shoulder  past  tho  thick  portion  of  the 
S5W  cartridge  head. 

Am  improved  design  of  the  plastic  case  head  (shown  in  Figure  22)  would 
limit  the  plastic  shoulder  interface  and  still  provide  the  lock-in  feature 
desired.  This  modification  was  not  evaluated  but  the  concept  is  recommended 
for  a re-evaluation  of  the  DuPont  77G43  case  material.  It  is  believed  that 
the  DuPont  cases  will  be  compatible  with  the  ballistic  environment  with 
this  design  modification. 

Cartridge  cases  (See  Appendix  C,  Test  Serial  Nos.  1,  2,  3,  4,  5,  10, 

11,  12,  15,  16,  17,  18,  and  19)  made  from  Huls  1933  and  1938  materials 
were  demonstrated  to  respond  satisfactorily  to  the  ballistic  environment 
at  ambient  temperature  and  at  -65 °F.  Several  cases  were  exposed  to  peak 
chamber  pressures  in  excess  of  100,000  psi,  No  cracks  were  observed  in 
any  of  the  tests  and  each  of  the  cases  was  extracted  without  difficulty 
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from  the  gun  chamber.  Cases  of  .each  material  were  evaluated  in  the  uni- 
versal test  fixture.  Typical  Hiils  1938  cases  before  and  after  ballistic 
exposure  are  shown  in  Figures  23  and  24,  respectively.  The  cartridge 
case  behavior  in  Figure  24  was  typical  for  peak  chamber  pressures  up  to 
80,000  psi.  Peak  pressures  in  excess  of  80,000  psi  would  result  in  plastic 
flow  of  the  seal  into  the  gap  at  the  chamber/barrel  interface  as  shown  in 
Figure  25.  The  Hills  1938  material  was  demonstrated  to  be  compatible  with 
the  ballistic  environment  at  -65°F  as  shown  in  Figure  26.  Based  on  the 
results  of  these  evaluations  and  the  supply  of  the  raw  resin  material, 

Hills  1938  was  selected  as  the  case  material  for  the  delivery  ammunition. 

Cartridge  case  crush-up  experiments  were  conducted  to  evaluate  the 
effect  on  case  performance.  Cartridges  were  fabricated  to  chamber  length 
(6.055  inches)  and  in  0.025  inch  increments  longer  than  the  chamber  up  to 
0.1  inch.  The  cartridges  were  placed  in  the  universal  tost  fixture  and 
crushed  by  threading  in  the  breech  until  the  breech  engaged  the  chamber. 

The  cartridges  were  fired  and  the  cases  extracted  for  examination.  The 
cases  that  were  0.075  to  0.1  inch  longer  than  the  chamber  cracked  at  the 
base  corner  during  crush-up.  The  crack  provided  a gas  leak  in  the  ballis- 
tic cycle  that  resulted  in  a bum  on  the  chamber  face  and  charring  of  the 
outer  surfaces  of  the  case  (Figure  27).  The  cartridges  that  were  chamber 
length  did  not  obturate  at  the  forward  end  and  combustion  gases  charred 
the  exterior  of  the  case  and  eroded  the  seal  (Figure  28) . Satisfactory 
chamber  obturation  was  achieved  with  crush-up  distances  of  between  0.025 
inch  and  0.050  inch.  The  crush-up  distance  selected  for  the  baseline 
cartridge  was  0.040  4 0.010  inch. 

Limited  testing  was  performed  with  the  epoxy/glass  cases  shown  in 
Figure  29.  The  ballistic  performance  data  was  very  uniform  but  extraction 
from  the  gun  was  complicated  by  the  over-stressed  steel  head  and  seal.  The 
thermoset  material  appeared  to  function  without  damage.  The  tests  were  dis- 
qualified because  of  the  gas  leak  at  the  head/case  and  seal/case  interfaces. 
The  cases  were  fabricated  to  be  chamber  length  (6.055  inches).  There  was 
no  crush-up  force  exerted  on  the  cartridge.  The  average  of  two  ballistic 
performance  tests  results  are  shown  below: 


Chamber 

Muzzle 

MuzzJe 

Cycle 

Pressure 

Pressure 

Velocity 

Time 

(KPS1) 

(KPSI) 

(FPS) 

(MS) 

48 

6.2 

3529 

4.8 

The  uniform  ballistic  performance  was  determined  to  be  the  result  of 
the  projectile  impacting  the  metal  seal  and  simulating  the  high  engraving 
loads  normally  obsorved  with  copper  banded  projectiles.  The  abrupt  de- 
color; i.ion  of  the  projectile  is  normally  sufficient  to  trigger  the  pro- 
pellant ignition  and  the  subsequent  events  that  evolve  into  a desirable 
ballistic  cycle. 


Figure  25.  Huls  1938  After  Exposure  to  100,000+  psi 


3,3.5  Chamber  Seals,  The  chamber  seal  investigation  originated  with 
metal  seals  made  from  steel  and  brass,  ballistic  performance  with  t.he 
seals  demonstrated  significant  improvement  and  reduced  variation  when  com- 
pared to  tests  without  seals  or  where  seals  failed  to  obturate  the  chamber. 
The  ballistic  results  of  tests  with  and  without  seals  are  shown  in  Figure 
30.  The  performance  is  compared  to  GAU-7/A  lot  acceptance  data. 

The  two  seal  tests  shown  wore  made  with  identical  charge  components. 

The  only  difference  was  with  chamber  seal . The  parameters  that  reflected 
the  seal  performance  were  muzzle  velocity  and  the  variation  in  velocity. 

The  reduction  in  ballistic  action  time  from  5.3  to  4.5  milliseconds  was 
the  result  of  an  over- ignition  condition  that  existed  as  a result  of  a 
sudden  reduction  in  the  rate  of  volume  increase  when  tho  projectile  im- 
pacted the  seal.  The  deformation  is  shown  in  Figure  31  with  a brass 
washer  seal.  The  seal  configuration  before  the  test  is  shown  adjacent  to 
the  cartridge.  In  all  tests  of  this  type  the  projectile  was  damaged  and 
the  rotating  band  was  torn  away  on  one  side.  In  addition  to  the  damage 
to  the  projectiles,  the  metal  seals  were  difficult  to  bond  to  the  cases 
and  the  cases  failed  at  the  seal  interface  because  of  the  large  differences 
in  mechanical  properties  between  the  two  materials. 

it  was  determined  that  plastic  seals  with  mechanical  properties  that 
were  similar  to  the  case  material  would  be  desirable  candidates  as  sub- 
stitutes for  the  metal  seals.  Several  plastic  materials  were  selected 
for  evaluation.  The  materials  were  machined  from  solid  rod  or  flat  sheets 
into  three  geometric  shapes,  The  cross  section  selected  was  in  the  form 
of  a triangle  as  shown  in  Figure  32  and  in  Appendix  A. 

The  materials  selected  were  cast  nylon,  acetal  copolymer  (Cclanese 
Celcori®),  nylon  6/6  (DuPont  Zytel®  151),  43  percent  glass  reinforced 
nylon  6/12  (DuPont  Zytel®  77G43) , acrylonltrile-butadiene-styrenc  (Borg- 
Warner,  Cycopac®)  and  a polyamide-imide  (Amoco,  Torlon®  •'*203).  The 
nylon. seals  were  solvent  bonded  to  the  nylon  case  with  m-cresol  containing 
ten  percent  by  weight  Zytel ® 77(143  resin.  The  non-nylon  seals  were  adhe- 
sive bonded  with  Pliobond©  20,  The  cartridge  cases  were  evaluated  with 
a 0.050  inch  crush-up.  The  cartridges  were  fired  and  the  cases  were  re- 
moved from  the  gun  for  examination.  The  seals  that  were  made  from  nylon 
and  bonded  to  the  case  with  m-crcsol  were  superior  to  the  other  material 
candidates.  Seals  failed  as  a result  of  wpak  bond  (Figure  33)  joints, 
configuration,  or  material  properties.  The  cast  nylon  seals  were  eroded 
by  the  combustion  gas  and  could  not  be  examined.  The  acetal  was  also 
eroded  and  gave  evidence  of  an  eurly  gas  leak  by  the  charred  case  (Figure 
28).  The  section  of  tho  seal  remaining  was  thermally  welded  to  the  ease. 
Tho  ABS  and  the  polyamide-imide  seal  obturated  the  chamber  satisfactorily 
but  the  seal  was  not  bonded  to  the  case  subsequent  to  the  firing  and  the 
seal  failed.  Ten  percent  of  the  Zytel©  77(143  seals  cracked  due  to  in- 
sufficient elongation  (Figure  34).  The  Zytel®  151  seal  was  satisfactory 
in  all  tests  and  was  selected  for  the  baseline  cartridge.  The  triangle 
seal  geometry  was  demonstrated  to  be  most  compatible  to  the  ballistic 
environment  and  that  configuration  was  selected  for  the  delivery  ammuni- 
tion. 


MODEL  A 


u 


Figure  32.  Plastic  Sen)  ('bomber  Geometry 


n? 


The  interference  aeal/projectile  concept  was  evaluated  because  of  the 
metal  seal  ballistic  results.  Celcon®  was  selected  for  this  evaluation 
because  of  its  high  Impact  toughness.  The  seal  failed  to  obturate  in  the 
early  part  of  the  ballistic  cycle  becutisc  of  a poor  caso  bond  and  the 

toriulWere  inconclusive*  A r<fPoat  study  is  recommended  with  a nylon  ma-  • 

3.3.6  Cartridge  Closure.  A 3M  Company  hont  sealable  aluminized  poly- 
ethyl ene  terephtha  late -pol yet hyl ene  laminated'  film  (Scotch-Pnk®  20)  was 
evaluated  as  a closure  with  the  cartridges  subjected  to  -65#F.  The  un-‘ 
supported  portion  of  the  closure  became  concave  during  the  cold  exposure 
indicating  a reduced  pressure  was  maintained  inside  the  case.  The  closure 
did  not  appear  to  interfere  with  the  ballistic  performance  and  no  debris 

Tnl  ?^^m0WnrangCi.,ThlS  materiaI  was  selected  in  u 3.3-mil  thickness 
for  the  delivery  ammunition. 


SECTION  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 


4.1  Conclusions, 


(a)  The  feasibility  of  a plastic  cartridge  case  utilizing  molded 

propellants  and  a telescoped  projectile  has  been  demon- 
strated successfully  at  ambient  conditions  and  at  >6S*F. 

(b)  Experimental  investigations  have  shown  that  the  cartridge  case 

will  withstand  peak  chamber  pressures  greater  than  100,000 
psi  and  extract  from  the  gun  chamber  without  difficulty. 

(c)  The  feasibility  of  an  all  plastic  primer  has  been  demonstrated. 

(d)  The  chamber  seal  has  been  observed  to  have  a significant  effect 

on  ballistic  performance  and  a compatible  plastic  seal  has 
been  demonstrated  successfully  at  peak  chamber  pressures  up 
to  80,000  psi. 

(e)  The  manufacturing  feasibility  of  a zero  draft,  injection  molded 

case  has  been  demonstrated  successfully. 

(f)  The  plastic  case  provides  the  potential  to  minimize  the  ballis- 

tic performance  deficiencies  of  the  QAU-7/A  program. 

(g)  The  feasibility  of  a push-through  or  push-out  cartridge  case 

ejection  has  been  successfully  demonstrated  in  a singlo  shut 
fixture . 

(h)  The  cartridge  case  and  seal  materials  that  were  demonstrated 

to  be  most  compatible  to  the  ballistic  environment  wore 
Hills®  38  percent  glass  filled  nylon  12  and  DuPont  Zytel  & 

151  (nylon  6/6) , 

4.2  Recommendations  For  Follow-on-Work. 

(a)  Ballistic  development  of  the  shot  start  cycle  to  minimize  the 

temperature  dependence  of  the  ammunition. 

(b)  Establish  the  cartridge  configuration  to  comply  with  the 

GAU-7/A  performance  requirements. 

(c)  Determine,  by  test,  the  ballistic  performance  over  the  tetiP'.  rn- 

ture  range  of  -65*F  to  160*F. 
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(d)  Develop  an  automatic  test  fixture  to  provide  multishot 

environments . 

(e)  Demonstrate  plastic  case  compatibility  to  feed,  fire  and 

extract  from  a rapid  fire  fixture. 

(f)  Determine  the  maximum  rate  of  fire  that  is  feasible  for  the 

zero  draft  plastic  cartridge. 

(g)  Re-evaluate  DuPont's  Glass  Reinforced  Nylon  6/12  cartridge 

cases  with  the  improved  ignitor  interface  design,.  f) 


APPENDIX  A 

25mm  PLASTIC  CARTRIDGE  ASSEMBLY  AND  A/AF  2Smm  ASSEMBLY  (GUN)  DRAWINGS 


Figure 


Title 

2$mni  Plastic  Cartridge  Assembly 

25mm  GAU-7/A  Projectile  (3000  Grain,  Plastic  Band) 

Projectile  25mm  (TP)  Plastic  Band 

25mm  Plastic  Case 

Projectile  Retainer 

Molded  Propellant  Charges 

25mm  Plastic  Case  Seal,  Model  A 

25mm  Plastic  Case  Soal,  Model  B 

25mm  Plastic  Case  Seal,  Model  C 

A/AF  25mm  Assembly 

Barrel,  73F40044MP 

Pin,  Firing,  74B40221 

Striker,  74C40222 

Bolt,  74D40223 

Chamber,  74D40224 

Bill,  Bottom,  74C4022S 

Bill,  Top,  74C40226 

Spring,  Helical,  74B40239 


.9R4 

/J92  DIATYPJ 

PimngrM 

.010  MAXR, 


' • liHF.AK  EDGE  iod5 


NOTES 

1 WEIGHT:  3000  * 50  GRAINS. 

2 PROJECTILE  INTERIOR-AND  EXTERIOR  SHALL  BE  FREE 
OF  SOLVENTS, OILS  AND  OTHER  LUBRICANTS. 

3 DIMENSION  APPLIES  AFTER  FINISH  COATING. 

4 DIMENSIONS  APPLY  AT  70*  F * 10“  F 

LIGHT  BLUE  COLOR  NO-  35IQ9  PER  FED  STD  095. 

& APPLY  DtSIGNATION  APPROX  WHtPE  SHOWN, COLOR 

WHITE  NO  37875  PER  FED  STD  5 95, 

AS  FOLLOWS 

Rju-yB  pdr  tp  csy- 

INTERFIX  NUMBER-  / j 
SERIAL  NUMBER-/  / 

YEAR  OF  MANUFACTURE-7 

A BONOlNG  AOHESIVE  MAY  EXTEND  CUT  MAXIMUM 
THICKNESS  IN  AREAS  SHOWN. 


Figure  A-3.  Projectile  2Smm  ("IP)  Ihisuo  R.uiU 


()2 


Y/SYZ* 


Figure  A- 7.  25mm  Plastic  Case  Seal,  Model  A 


Figure  A-ll.  Barrel,  73F40044MP 


Figure  A-17.  Bill,  Top,  74C40226 


igure  A- IS . Spring,  Helical,  74B4023 


APPENDIX  B 


SUPPLIERS 


No. 

Supplier 

Product 

1. 

Flare  Northern 

19701  West  Goodvale  Road 

Saugus,  Calif.  91 350 

Titanium-barium  Nitrate 

2. 

Teledyne  McCormick  Selphs 
3601  Union  Road 
Hollister,  Calif.  95023 

Compositions  300432  and  300439 

3. 

Smith  and  Wesson 
2100  Roosevelt  Ave. 

P.  0.  Box  2208 
Springfield,  Mass.  01101 

Caliber  .32  cartridges 

i 

4. 

Cascade  Cartridge  Inc. 
Lewiston,  Idaho  83501 

Rifle  primers  Nos.  400  and  450M 

S. 

DuPont  Company 
Room  24094 

Wilmington,  Del.  19898 

Zytel  ® 151,  Zytel®  77G43, 

Hytrel®  4055,  Hytrel  ® 5525, 

Hytrel®  6435,  Nylons  11,  12  and  6/12 

6. 

Huls 

Liquid  Nitrogen  Processors 
Birdsboro,  Penn. 

1938  (38%  glass  filled  nylon) 

7. 

Brunswick  Corporation 
4300  Industrial  Ave. 
Lincoln,  Nobr.  68504 

Epoxy-glass  fiber  cartridge  cases 

8. 

Borg-Wamer  Chemicals 
International  Center 
Parkersburg,  W.  Va.  26101 

Cycopac®  and  a polyamide-imide 

9. 

AMOCO  Chemicals  Corp. 
200  E.  Randolph  Dr. 
Chicago,  111.  60601 

Torlon®  4203 

10. 

Celanese  Plastics  Co. 
550  Broad  St. 

Newark,  N.J.  07102 

Celcon  ® 

11. 

3M  Company 
3M  Center 

St.  Paul,  Minn.  55101 

Aluminized  polyethylene  tcrephtii.  late- 
polyethylene  laminated  film  (Scoi  ch- 
Pak®  - 20) 
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appendix  b 

SUPPLIERS  (CONTINUED) 


Supplier 

Philco-Ford  Corporation 
Ford  Road 

Newport  Beach,  Calif, 

Rilsan  Corporation 
139  Harris town  Road 
Glen  Rock,  N.J.  07452 

Thermofil  Inc. 

884  Railroad  St. 
Ypsilanti,  Mich.  48197 

Reichold  Chemicals  Inc. 
525  N.  Broadway 
White  Plains,  N.Y.  10602 

Irvine  Plastics,  Inc. 
981S  Everest  St. 

Downey,  Calif. 

OeBell  and  Richardson 
Enfield,  Conn. 


Product 


Projectiles 


ZM  30  (30%  glass  filled  nylon  11) 


N9-5000  FG  (50%  glass  nylon  12) 

FG  (40%  glass  nYlon  12) 
N6-4900  FG  (49%  glass  nylon  6/12) 

Epotuf®  37-139  adhesive 


Cartridge  Cases  (Prototype) 


Cartridge  Case  Mold 


u&n&aM-u.  


APPENDIX  C 


TEST  REPORTS 


Test 

Title 

Serial  No. 

1 

Observe  compatibility  of  Nylon  12,  30  percent  glass 
case  with  the  IITRI  gun. 

Serial  No. 

2 

Observe  the  effect  of  steel  support  rings  on  case 
response  to  the  ballistic  cycle. 

Serial  No. 

3 

Evaluate  Class  3 black  powder  as  an  ignitor  candidate. 

Serial  No. 

4 

Evaluate  Class.  6 black  powder  as  an  ignitor  candidate. 

Serial  No. 

5 

Evaluate  ignitor  TMS  300432  and  the  effect  of  brass 
seals  on  ballistic  performance. 

Serial  No. 

6 

Evaluate  an  epoxy/glass  filament  wound  cartridge  case. 

Serial  No. 

7 

Evaluate  Celcon®  (Acetal)  as  a seal  material  candidate. 

Serial  No. 

8 

Observe  the  effect  of  the  interface  seal  concept  on 
ballistic  performance. 

Serial  No. 

9 

Evaluate  Zytel®  (DuPont  Nylon  6/12)  as  a seal  material 
candidate. 

Serial  No. 

10 

Evaluate  Torlon®  (AMOCO  polyamide-imide)  as  a candidate 
seal  material. 

Serial  No. 

11 

Observe  the  effect  of  an  interface  forward  seal  on 
ballistic  performance. 

Serial  No. 

12 

Evaluate  the  effect  of  aft  charge  surface  deterrant  on 
ballistic  performance. 

Serial  No. 

IS 

Select  a baseline  black  powder  for  surface  deterred 
aft  charges. 

Serial  No. 

16 

Observe  the  effect  of  deterred  aft  charges  and  different 
forward  charges  on  ballistic  performance. 

Serial  No. 

17 

Observe  the  effect  of  deterred  5479  aft  charges  and 
different  forward  charges  on  ballistic  performance. 

Serial  No. 

18 

Compare  the  computer  data  acquisition  system  to  the 
tape  deck/visicorder. 

Serial  No. 

19 

Effect  of  different  primers,  plain  pistol  versus  small 
rifle  and  small  rifle  magnum. 
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TEST  REPORT 


SERIAL  NO.  I 
OBJECTIVE: 

BACKGROUND: 


BALL  I ST  I C 
DATA: 


To  observe  tha  compatibility  of  tha  Nylon  12,  30  parcant 
gins  case  with  tha  IITRI  gun. 

Th*  IITRI  slngia  shot  test  fixture  was  selected  for  prallmlnary 
evaluation  of  tha  zero  draft  cartridge  casa.  Tha  fixture 
chamber  diameter  was  0.003  to  0.005  Inch  larger  than  desired 
and  tha  aft  "0"  ring  seat  was  badly  eroded.  The  flxtura, 
however,  was  suitable  for  preliminary  test  evaluations.  The 
Ignitor  material  selected  was  tha  Teledyna  McCormick  Selph 
composition  that  demonstrated  Improved  performance  with  GAU-7 
over  tha  temperature  range. 

Five  rounds  were  assembled  with: 


Forward  Charge: 
Aft  Charge: 
Retention : 
Ignitor: 

Primer: 

Cases: 


5473  propellant 

5440  propellant 

40  ml  I NO  10  ml  I mylar 

TMS  432 

32  S6W 

Nylon  12,  30  percent  glass 


WT 

I’t  MAX  lJ2  MAX 

i’3  HAX 

VELOCITY 

Time 

ION 

ROUND  MO--?  1 

A2.5  99 99 

b.  1)3 

29idt 

1 .f  fr 

0.2 

I'd  TO  L32  292  1 
LSI  TO  LS2  293  5 
ROUND  NO-*? 3 

07.7  999V 

A . M2 

' * 

3 m-i 

5.9  A 

0.1S 

Kl  TO  L32  3218 
LSI  TO  LS2  32 A 7 
ROUND  NO --7 A 

A A • 8 99  9) 

e 54 

.7  liA  1 

0.1S 

0.10 

!*3  TO  L52  3£)fr 7 
LSI  TO  L32  3097 
WOUND  i JO  — - 7 t> 

5l.fr  9997 

VI  Jf 

Jf5f 

7.  J.> 

DISCUSSION:  The  ballistic  performance  Indicated  overignition  and  resulted 

In  propellant  blowby  In  alt  but  one  test.  The  No.  5 test  had 
tatl  ctory  performance  with  only  slight  blowby.  The 
percentage  of  blowby  Increased  es  the  Ignitor  charge  weight 
Increased  from  0.1  to  0,2  gram.  A round  design  based  that 
Is  this  sensitive  to  Ignitor  weight  1$  not  desirable. 
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a 


The  cartridge  easel  all  cracked  at  the  bate.  The  cracks 

appeared  te-orlglnata  at  the  Ignitor  aperture  end  propagate  i 

along  the  wetd  tines  In  the  base.  The  number  of  weld  lines  | 

effected  varied  from  one  to  ell  three.  Each  of  the  cates  ij 

showed  a pin  hole  In  the  sidewall  approximately  l/b-lnch 
forward  of  ths  base.  This  hole  was  In  Vine  with  the  erosion 

path  In  the  aft  gun  seal.  A separation  of  the  cate  sidewall  . 

was  observed  to  originate  at  tha  pin  hole  and  propagate 

forward.  Tha  eases  ware  all  extracted  from  the  chamber  } 

without  difficulty.  Blind  pressure  apertures  In  the  chamber 
showed  evidence  of  plastic  flow  Into  recessed  areas. 

Examination  of  the  exterior  of  the  eases  showed  good  evidence  <1 

of  obturation  with  tha  chamber.  The  mtdehamber  pressure  ~ 

aperture  and  tha  areas  of  case  failure  were  surrounded  by  .t 

uncharred  nylon.  3 

> 

CONCLUSION)  The  432  Ignitor  Indicated  over-Ignltlon  blowby  performance  ^ 

at  relatively  low  charge  weights  under  0.2  gram.  Continued 

Investigation  Is  recommended  because  of  the  ballistic  ^ 

Insensitivity  of  tha  material.  Tha  137  gram  propellant 
charge  Indicates  that  the  performance  goal  of  4000  feet  per 

second  Is  possible  to  attain.  3 


1 a 


Satisfactory  extraction  of  tha  minimum  tapered  case  demonstrated  J 

concept  feasibility.  » ^ !| 

in  fs..,  \ 

.-.I  i 


The  leaking  gun  chamber  seal  was  believed  to  be  the  cause  of 
the  cartridge  ease  failures.  A chamber  diameter  of  1.615 
Inch  Is  recommended  for  the  universal  gun.  The  Incorporation 
of  metal  ring  seals  on  each  end  of  the  case  Is  recommended  at 
an  aid  In  chamber  obturation  to  prevent  cate  failure. 
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25 MM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


OBJECTIVE!  Tb 


Trre. 


tiap.  xyrgg.  

Test  Fixture!  <25).  UNIVERSAL^,  Rl  A,  <7MiS'i 

Cartridge  Cast:  Dwg.  No.  Mf* moJsiu  Bav.  . Mat'l  Av,4Qa/  /%.  f ftdfl 

Dwg.  No.  *ev. , Hat 'I  _. 

Projactllai  Owg.  No.  3003^*7,  B»v,  A,  Plastic  Band,  3000  Grain. 

Prtmar:  TypeF\»n>i_,  Lot  No.  No,— ^ 

Flash  Tuba^’TzBttfeTj'IFSoaclal . . 

Projaetlla  Natantlon!  4o  Mi  l lii.  10  HI  !■  Mylar,  Ml  i 

Ignltori'  . »■;’»«„  AffSTfllr  S55E5Z 

Propel  lanti  Fwd  Charoa  <Cd7T|  Lot  No.  tt+AtT  . 


RENABKSi 


Aft  Charge_ 
Insert " 


, Lot  No. 
“.  Lot  No." 


PROPELLANT  UT  (GRAMS) 


TOTAL  PROP.  VT 


IGNITOR  WT 


nr*. 


1#  372.* 


/OB,  Of  S7/S3 


/jff.af' \ 37  *4* 


ntjt 


/ 37 . /d 


/3C  60 


FORM  NO.  SG- 555-8 l 
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PMjaet  or  Charge  No.  ^ w 
Material  Dascrlptlon; 

0 I ■ f-Uj^  Opf-(~ — 

C (D  f • <7-^  c£*~*~* — 
® I - opt 

Lot  No.  ***  _J> 

Vondor <L^-/C- 

Taits  Roqulrad: 

A1  4-  V < 


SAMPLES  FOR  LABORATORY  EVAl'.".flON 

'Z3I&3'  , 0.U  4 -'l_s 


s+  73 
Loi"  ?*•+(>-' 
L*.f  S-*-*0 


Bitch  No.  

Oat*  Identification 


Submlttid  By  _ 
Riport  Datl  To 


Analytical  Rasul  to: 
Rid 

flee. 

-\  !TTK#g 

s*m 

,*vl 

,n 

.•37 

APT  w** 

.'iO 

— 

,10 
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TEST  REPORT 


SERIAL  NO.  2 
OBJECTIVE: 

REFERENCE: 

BACKGROUND: 


BALLISTIC 

DATA: 


DISCUSSION: 


To  observe  the  effect  of  itael  support  rings  on  case  response 
to  the  he) 1 1st Ic  cycle. 


S/N  I 

The  test  results  from  series  No.  I Indicated  that  the  spec* 
between  the  case  and  the  chamber  was  sufficient  to  causa  the 
case  to  crack.  The  space  was  estimated  to  be  0,015  Inch. 

The  Incorporation  of  steel  support  rings  at  each  end  of  the 
cate  was  made  to  strengthen  the  case  In  these  areas. 

Five  rounds  were  assembled  with: 


Forward  Charge: 
Aft  Charge: 
Ignitor i 
Retention: 
Primer 
Case: 


5473  propellent 
8446-9  propel  lent 
432,  439,  TBN 
40/10  - NC/mylar 
32  saw 

Nylon  12,  30  percent  glass  with 
support  rings'  at  each  and. 


Ballistic  data  was  not  obtained  on  four  tests  because  of 
computer  difficulties  and  an  action  time  longer  than  50 
milliseconds,  One  test  with  0.45  gram  of  Ignitor  432  1s 
shown  below: 

PI  MAX  PS  ttAX  P3  MAX  VELOCITY  TIME 


HOUND  iJO  - - 9 

«4.ti  1 22,1 

3.42 

,1  32.52 

LSI  TO  LS2  2«56 
P3  TO  LS8  UiitU 

The  titanium  barium  nitrate  (TBN)  Ignitor  produced  the  long 
action  time.  The  TBN  was  a suitable  Ignitor  In  the  GAU-7 
program  but  was  Identified  to  be  low  In  gas  evolution, 
Examination  of  the  spent  case  revealed  that  the  brass  SIW 
Ignitor  tube  was  melted,  This  behavior  Indicates  that  the 
TBN  Ignited  but  that  It  did  not  communicate  to  the  base 
propellant  effectively.  The  audible  output  and  the  muule 
flash  of  the  round  containing  Ignitor  439  was  satisfactory 
and  would  be  associated  with  acceptable  performance.  The 
round  with  ignitor  432  produced  biteby  performance  as 
recorded  and  observed  with  the  muzzle  flash. 


3.86  2 Bill!  5.46 

t! 


8‘> 


CONCLUSION: 


The  cartridge  cates  war*  removed  from  the  charabar  easily 
but  In  two  pieces.  Tha  caiet  each  fallad  at  tha  circum- 
ferential Intariactlon  of  tha  steel  ring  and  tha  cata  aide- 
wall.  Tha  cata  bases  ramatned  Intact  and  tha  caaa  slda- 
walli  did  not  crack  longitudinally.  The  exterior  surface 
of  each  case  showed  the  exposure  to  combustion  gases  and 
there  was  no  evidence  of  obturation.  This  Indicates  that 
the  cases  fallad  very  early  In  the  ballistic  cycle.  The 
strength  of  tha  steel  rings  did  provide  the  support  In 
tha  base  but  not  tn  the  sidewall. 

The  IITkl  test  fixture  chamber  diameter  of  1,6)8  to  1.620 
Inch  was  greater  than  could  be  tolerated  with  the  1.607  to 
1.600  Inch  diameter  cartridge  case  without  suitable  rein- 
forcement at  tha  ease  base,  It  Is  recommended  that  additional 
tatting  be  conducted  In  a 1.615  + 0.001  Inch  diameter 
(GAU-7J  chamber. 

Ignitor  439  should  be  reevaluated.  Ignitor  TON  should  be 
abandoned. 

O s 

' I * 
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TEST  REPORT 


SERIAL  NO.  3 

OBJECTIVE:  To  avcluate  Class  3 black  powder  ai  an  Ignitor  candidate. 

BACKGROUND:  It  li  necessary  to  establish  a baseline  round  configuration 

early  In  a program  so  that  performance  Improvements  can  be 
measured.  Black  powder  Is  usually  selected  as  a baseline 
Ignitor  because  of  Its  ballistic  properties  and  reproduc- 
ibility. Class  3 black  powder  was  selected  for  this  test 
because  It  was  used  satisfactorily  In  the  GAU-7  program. 

Flflenn  rcvjnds  w-re  asstllilvled  with: 

Forward  Charge: 

Aft  Charge: 

Igni tor : 

Retention: 

Primer: 

Case: 

Test  Fixture: 

BALLISTIC 

DATA:  The  ballistic  data  are  listed  separately  because  of  the  large 

percentage  of  Individual  tests. 

DISCUSSION:  The  black  powder  charge  weight  was  varied  from  a high  of  1.4 

grams  to  a low  of  0.5  gram.  The  performance  ranged  from  over- 
Ignition  blowby  (1.4  gram)  to  under-lgnl tlon  blowby  long 
action  time  (0.50  gram).  The  erratic  performance  Indicated 
that  class  3 black  powder  was  not  a suitable  Ignitor  candidate. 
The  under-lgnl tlon  performance  was  typical  of  a low  gas 
producing  Ignitor,  The  outer  case  In  the  GAU-7  round  supple- 
mented the  black  powder  gas  generation  rate  to  produce  the 
desired  mass  for  a balanced  shot  start  eye’e. 

One  round  (No.  21)  was  tested  with  a 0.1  Inch  thick  brass 
spacer  In  the  forward  end  to  provide  an  additional  0.050 
Inch  crush  up.  The  center  hole  diameter  was  1.025  Inch. 

This  round  provided  the  best  ballistic  performance  of  the 
series  with  0.5  grem  of  the  class  3 Ignitor.  Examination 
of  the  spacer  after  the  teat  showed  that  the  spacer  was 
deformed  and  the  projectile  would  not  pets  through  the 
center.  The  Interference  fit  with  the  projectile  occurred 
during  the  ballistic  cycle.  It  Is  possible  that  slowing  the 
projectile  velocity  prior  to  engraving  could  provide  the 
desired  delay  or  hesitation  necessary  for  stable  propellent 
I gnl t Ion. 


5473  propellant-jl  I rounds!,  5479-14  rounds^ 
8445-9  propellent  1 r J 

Black  Powder,  Clast  3 
40/10  - NC/mylar 
32  SGW 

Nylon  12,  30  percen  glass 
Un I versa! 


CONCLUSION: 


Tour  additional  rounds  war#  evaluated  with  nylon  taels 
similar  in  dimension  to  the  brass  spacer.  One  round 
repeated  the  results  of  Improved  performance.  The  nylon 
spacer  was  recovered  almost  Intact.  The  three  other 
spacers  were  almost  consumed,  leaving  a narrow  rim  on 
the  forward  case  lip. 

The  most  significant  factor  of  this  test  was  the  case 
behavior.  None  of  the  cases  cracked  and  all  were  easily 
extracted  from  the  gun  chamber,  The  0.0S0  Inch  crush  up 
did  not  appear  to  be  detrimental  to  case  performance.  All 
the  cases  appeared  to  obturate  with  the  chamber  at  the  case 
base.  Gas  flow  to  the  outside  of  the  case  occurred  at  the 
forward  and.  Two  cases  hu'i  longitudinal  creases  originating 
at  the  forward  end  that  wart  evidently  formed  by  venting  ges 
trapped  between  the  case  and  chamber.  The  absence  of  the 
chamber  pressure  aperture  Improved  the  case  to  chamber 
obturation. 

Tha  forward  seal  appears  to  Influence  the  ballistic  perform- 
ance by  slowing  down  the  projectile  motion  In  the  shot  start 
cycle.  Additional  study  In  this  area  Is  recommended. 

The  cartridge  case  is  compatible  to  the  GAU-7  gun  chamber 
and  can  be  extracted  without  difficulty. 


PI  MAX 


12  MAX  ,r3  MAX 


UL0C1TY  TIN! 


FXH'Nt)  NO  11 
3V.2  -1 

-62.3  1 1 

29.95  (S 

LSI  to  LS2  aide 

P3  TO  LS2  £5  72 
hOllNL1  NO  12 

e a a.  < 

4!  (9.1! 

LSI  TO  LS£  3652 
ra  TO  LSC  3833 


L5f5  5. 9 A 


3 8 1 < 21.25 


I 


I 


1 


(TT10N  I OF.  rs  l«F.R  2-F£MAX?£ 
USTANCE  TO  FlhST  U I CUT  SCFEEN723 
CISTANCE  tETKI  IN  L1CHT  SCF1EMS722 
K-FAD  1«YIS  £-NO?£ 

I 


ri  MAX 

!£  MAX 

F'3  MAX 

ULOC1TY 

ROUND  NO  15 

30.4 

-.7 

2.66 

2648 

31.34 

0 

2.2 

15  1 TO  LS2 

2644 

P3  TO  LS2 

2(46 

ROUND  NO  16 

33.  6 

.2 

2.75 

2545 

44.61 

0 

4.34 

LSI  TO  LS2 

! £559 

P3  TO  LSB 

2552 

HOUND  NO  17 

34.3 

• .3 

2.43 

£526 

47.15 

e 

4.35 

LSI  TO  LS2  2559 

P3  TO  LS2 

2542 

HOUND  NO  18 

23.1 

. r 

2.46 

2312 

.262 

46.94 

0 

4.16 

LSI  TO  LS2  2302 

P3  TO  LS8 

2307 

POUND  NO.  ; 

19 

29.4  ' 

• 4 

3.67 

2830 

46.26 

0 

2.57 

LSI  TO  LS2  2806 

FO  TO  LS2 

2818 

HOUND  NO  20 

37.6 

.7 

3.73 

2830 

44.54 

0 

3.46 

LSI  TO  LS2  2656 

F3  TO  LS2 

2843 

ROUND  NO 

21 

51 

1.3 

4.  5 

3646 

47.24 

0 

1.1 

LSI  TO  LSC  3716 
P3  TO  LS2  3*61 


HOUND  NO  22 


32  . 

. 6 

3.16 

2655 

46.42 

0 

2.37 

LSI  TO  LS2 

2881 

P3  TO  LS2  2868 

ROUND  NO  23 

32.6 

. 6 

5.69 

3491 

47.  19 

6 

.2 

LSI  TO  LS2 

3476 

P3  TO  LS2  3464 

ROUND  NO  24 

29.6 

. 6 

2.9 

2606 

45.62 

0 

3.57 

LSI  TO  LS2 

2601 

P3  TO  LS2  2603 

ROUND  NO  2S 

33.2 

. 6 

8.04 

3646 

61.43 

0 

0 

LSI  TO  LS2 

3592 

PS  TO  LS2  3620 

TIM  fc.E.  P.E. 


£.6  .011  4 £ (2 


£.94  .£1  .218 


5.67  .21  .211 


6.27  9.00000E-03 


7.C4  .013  .309 


11.43  .813  .241 


6.63  .021  .295  Brass  Spacnr 

0.1  X 1.025  Inch  ID 


e.ee  .013  /.see  Nyion  s*ai ! 


6.49  .019  .424  Nylon  Seal 


6.34  .011  .269  Nylon  Seal 


24.07  .021  .464  Nylon  Seal 
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25MM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


OBJECTIVE: 


To  C-LA&3  3 


S/Nj 

DATI777 

EN8R  " 
AMMO^ 


W7T 


BosauMe. 


sn  1 rod.  Cpv>Jt>i0^i 


Test  Fixture:  I ITRI  j-OTTVFjjjft. , ma.  ~ 

Cartridge  Case:  Owg.  N^-OClSfiSE* . Rav. , Hat 'I  . i®”**®4**^ 

Owg.  No.  RtiV  ■ Mat1 I 

Projactlle:  Owg,  No.  3003**7 • Key.  A,  Plastic  Band,  3000  Grain. 

Primer:  Type iPMSTjUt-  ( [ot  No, No — _ m. 

Flash  Tube:^S]>.  }\i  Special.  _•  jat/{«>  tfc*4ar> 

Projactlle  Retention:  Hi  rtfri  10  Mil  Mylar,  •**'*  ffrp 


Ignl tor : & P 

Propellant: 


FwJ  therge_ 
Aft  Charge^ 
insert. 


Seals: 

Lot  No” 
Lot  No," 
Lot  No," 


3^ 


aaaa  ■ 


remarks : g.osa11  Pms  o.ico'1  tphc*  %prcju.  Fan 

Cmw  Up.  Nytxne  Soi.  (‘&\c-je>aSAc^  6.QSS"  te>.  i^mth  , 


ROUND 

PROPELLANT  wt  (grams) 

TOTAL  PROP.  WT 

1 ONI  TOR  wr  j 

NO. 

FWD 

AFT 

INSERT 

(GRAMS) 
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TEST  REPORT 


SERIAL  NO.  4 
OBJECTIVE: 
REFERENCE : 
BACKGROUND: 


BALLISTIC 

DATA: 


To  evaluate  Class  6 black  powder  as  an  Ignitor  candidate. 

S/N  3 

The  Clast  3 black  powder  evaluated  In  test  series  S/N  3 was 
not  satisfactory  as  an  Ignitor.  The  particle  size  was  too 
large  and  the  resultant  rata  of  gat  evolution  wet  too  slow 
to  provide  the  desired  shot  start  cycle.  An  Increase  In  the 
rate  of  gas  evolution  can  be  provided  through  a reduced 
black  powder  particle  size.  Class  6 black  powder  was  selected 
for  this  test. 


Pour  rounds  were  assembled  with: 


Forwrrd 

Charge  - 

5479  Propellant 

Aft  Charge 

8446-9  Propellant 

Ignitor 

- 

Black  powder,  Cless  6 
40/10  - NC/Mylar 

Retention 

Primer 

- 

32  StW 

Cate 

** 

Nylon  12,  30  percent  glass 

PI  MAX 

P2  MAX 

P3  MAX  VELOCITY 

TIME 

Round  No.  2b 

36.4  - 

4.5  2632 

4.96 

5. 73 

ROUND  NO-- 

27 

-5.  1 

36.5 

4.71  325C 

4.7 

0 

37.80 

a 

LSI  TO  L52 

3232 

P3  TO  L.S2 

3242 

ROUND  NO-' 

28 

5 .86  3156 

5.  12 

-.7 

35.7 

e 

46.96 

1.66 

LSI  TO  LS2 

3 1 1 1 

F3  TO  LS2 

3161 

1 

ROUND  NO-- 

29 

Hmiijf  ire 


DISCUSSION: 


CONCLUSION: 


Each  cartridge  was  evaluated  with  a different  charge 
weight  of  Class  6 black  powder  to  provide  a "quick 
look"  approach  to  the  utilization  of  this  granulation. 

The  1.4  gram  charge  produced  blowby  performance  and  the 
0.3  gram  charge  resulted  In  a hengflre.  The  Intermediate 
charges  of  0.71  gram  and  0.5  gram  were  also  blowby  but 
the  magnitude  was  reduced  with  the  lower  charge  weight. 
The  test  Indicated  that  a charge  weight  of  0.4  gram  of 
Class  6 black  powder  would  be  desirable. 

Class  6 black  powder  was  a candlata  Ignitor  and  should  be 
evaluated  In  future  tests.  Inhibition  of  the  aft  grain 
should  ba  evaluated  with  black  powder  charge  weights 
greater  than  0.4  gram. 

The  affect  of  the  nylon  seals  was  recommended  tor 
further  evaluation.  The  presence  of  the  sea)  appeared 
to  reduce  gas  leakage  and  Improve  performance. 
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25MM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


obj ect i ve ; To  tr<//nLortrB  fathom  A&  djU 

clrtMdo^cIiti1  ‘ciwgl  No^M^frll(b\«v.  M«t'1  UjLV*  (2,  i^Z^fXS 
Dwg.  No.  ■ Rev,  M«i t 1 1 

Project M • : Dwg.  No.  3O0JA7,  Ray . A,  PUitlc  Bond,  3000  Qriln. 

Primer:  Type  PlS  . Lot  No.  Nov— 

fl«»h  Tuba : erhi&H  JB  Special , t | _■  ^ £}/iZ  {S<M0 


Project  1 1«  Retentlopj 
Ignitor:  RP 

Propel  lent:  rwd  tn*rge~ 

Aft  Chirge” 
Iniert 


/O  HI  I MyUr, 


REMARKS: 


No  .3 

No. 
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L 29  6*«*S 


to.  nJza 


PROPELLANT  -WT  (QRAHS) 


TOTAL  PROP.  WT 


IQNITOR  IVT 


*6> 
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— 
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/.  4/ 

9f.Se 

4s,  4- 

— 

/U  J 
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*2 
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4,  so 
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4f,4 

/4o.  tr 

a.  30 

t=f= 


<0  5V7jf  P#t>f#LL  ()t*T- 


FORM  NO.  SC-555-81 


TEST  REPORT 


SERIAL  NO. 


OBJECTIVE: 


REFERENCE: 

BACKGROUND: 


To  evaluate  Ignitor  THS  300432  and  the  effect  of  brass 
seels  on  ballistic  performance. 


Test  series  S/N  I was  fired  In  the  IITRI  test  fixture  with 
Ignitor  THS  300432.  The  test  results  Indicated  that  0.1 
gram  of  ignitor  was  the  desired  charge  weight  for  the  best 
performance.  Differences  between  the  IITRI  and  the  Universal 
test  fixtures  necessitated  a repeat  evaluation  of  the  Ignitor 
to  verify  the  performance. 


Five  rounds  were  assembled  with: 


Forward  Charge 

Aft  Charge 

Ignl tor 

Retention 

Primer 

Case 

Sea) 


5475  Propellant 
8446-9  Propellant 
THS  300432 
40/10  - NC/Mylar 
32  SSW 

Nylon  12,  30  percent  glass 
Brass 


BALLISTIC 
DATA:  . 


pi  p»x 


pt  max  P3  max  Velocity 


Round  No.  30 


Misfiro  (Projectile  In  Barrel) 


ROUND  N0--  31 

.1  47.6 

0 46.85 

LSI  TO  LSS  33(6 
P3  TO  LSS  3398 
ROUND  NO-*  32 
47.4  -.1 

43.96  0 

LSI  TO  LSS  3402 
P3  TO  LSS  34S> 
ROUND  N0-*  3J 

49.8  -.8 

44.09  0 
LSI  TO  LSS  3476 
P3  TO  LS8  3404 

'Mound  no— 34 

49  -.8 

86.85  0 

LSI  TO  LS8  4046 
P3  TO  LSS  4083 


33 >2  No  Seal 


v..i  - 


Comparison  of  the  ballistic  performance  recorded  In  this 
test  series  with  the  date  from  S/N  I Indicated  that  there 
was  a difference  between  the  two  test  fixtures.  The  0.1 
gram  of  Ignitor  charge  produced  a misfire.  The  projectile 
was  forced  Into  the  barrel  but  tl. i propellent  failed  to 
Ignite.  The  Ignitor  charge  weight  was  Increased  to  0.3 
gram  and  over-tgn! tlon  blowby  performance  was  observed. 
Subsequent  reductions  In  charge  weight  reduced  the  blowby 
and  one  cartridge  without  a b'ass  seal  yielded  a long 
action  of  33  milliseconds. 

Examination  of  the  fired  cartridge  cases  showed  evidence 
that  the  brass  seal  Interfered  with  the  projectile  travel. 

Each  seal  was  badly  distorted  and  the  seels  were  forced 
Into  the  barrel  entrance  cone.  The  teal  appaared  to 
restrain  the  projectile  momentarily  at  the  barrel 
entrance.  The  action  Induced  a rapid  change  In  the  free 
volume  of  the  shot  start  cycle  and  forced  tha  pressure 
to  rise  accordingly.  The  pressure  increased  the  blowby 
and  over-ignition  of  the  charge.  The  result  was  a relatively 
fast  action  time  4 to  5 msec,  velocities  of  3500  fps  and 
blowby.  The  Increase  In  velocity  and  the  reduction  In 
action  time  were  not  considered  a normal  ballistic  cycle. 

The  brass  seal  was  determined  to  upSct  the  Interior  ballistic 
cycle. 

The  cartridge  length  was  machined  at  6.105  Inches  and  6.155 
Inches  to  provide  0.050  and  0.100  Inch  of  crush  up.  Tha 
0.050  Inch  of  crush  up  was  observed  to  be  compatible  to 
case  performance.  The  0.1  Inch  cracked  the  case  that  resulted 
In  a gas  burn  on  the  chamber  face.  The  next  long  cartridge 
was  crushed  up  such  that  a 0.015  Inch  gap  remained  at  the 
breech  face.  The  case  side  wall  flowed  Into  the  gap  120" 
around  the  base  and  eroded  away  the  remaining  60  degree 
portion  of  the  base,  Ballistic  performance  of  the  cartridge 
did  not  appear  to  be  effected  by  the  gas  teak. 

The  brass  seal  was  observed  to  have  a significant  Influence 
on  cartridge  performance.  Techniques  designed  to  provide 
an  Interference  Interface  with  the  projectile  travel  without 
damage  to  the  projectile  are  recommended  for  further 
evaluations. 

Ignitor  TMS  300432  at  a charge  weight  of  0.15  gram  was 
selected  as  a baseline  charge, 


TEST  REPORT 


serial  no. 
OBJECTIVE! 
REFERENCE! 
BACKGROUND i 


BALLISTIC 

DATA! 


To  «.  •poxy/gl,,,  f| lament  wound  cartridge  0as. 

S/N  S' 


Vi. . wound  conctot  was  , 

ss^ 

r^;ly:nflthTtr6r!ow9tn:;:s:h  wi* 


Two  cartrldga*  war*  assembled  wlthi 


Forward  Charg* 

Aft  Charg* 

tgnl tor 

Ratantlon 

Prl mar 

Casa 

S*a) 


5479  Propallant 
8446*9  Propallant 
TMS  300432 
i*0/'IO  - NC/Mylar 
32  SEW 


Epoxy/glass 

Steal 


PI  MAX 


Pa  MAX  P3  MAx 


36.7  . . 

Si. 48  | 

^1  TO  LS6  OS 
n TO  LSE  3S2, 
ROUNO  NO-  - 36 

36.4  f 

54.ee  e 
LSI  TO  LS8  341 
ra  TO  LS2  3382 


3.96 

.94 


6.3  1 
1.43 


VELOCITY  TIME 


3529 


4.7 


3529  a. 91  * 


1 2d 


DISCUSSION:  The  ballistic  data  was  vary  consistent  between  the  two 

tests.  The  blowby  recorded  on  the  barrel  pressure 
transducer  was  2000  psl  and  approximately  7 Kps  I lower 
than  normally  observed.  Examination  of  the  fired  cases 
Indicated  that  tha  forward  seal  I.D.  was  deformed  outward 
against  the  barrel.  The  seal  appeared  to  obturate  with 
the  projectile  prior  to  engraving,  The  area  around  the 
projectile  was  reduced  and  the  blowby  gases  were  blocked. 
Shot  start  cycle  efficiency  was  Improved  resulting  In 
very  reproducible  ballistic  performance. 

The  (teal  seels  were  wedged  against  the  chamber  wall  and 
pravented  tha  cartrldga  case  from  batng  easily  withdrawn 
from  tha  chambar.  The  filament  wound  portion  of  the  ease 
was  extracted  Intact  without  damage. 

CONCLUSION:  The  filament  wound  concept  Is  feasible  but  will  require 

design  changes  In  the  steel  ends  to  accommodate  extrectlon 
from  the  gun  chambar. 

Tha  forward  seal  appeared  to  have  a significant  effect  on 
ballistic  performance  and  performance  variations.  An 
Interference  saal  concept  1s  recommended  for  further 
development  evaluations. 
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25MM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


OBJECTIVE: 


Sr  O AUJATE.  ftiO  ‘Gpwyt' 


fiLA H.gK>T  VJoukj^i 


criAat  C.  oi-jc  e»' r 


Ta*t  Flxtura:  I ITRI ■ dflflVERSAP.  RIA. 

Cartridge  Cm:  Dwg.  No.  SK  3001*60,  Rav. , Mat 1 1_ 

Dwg.  No.  . Rav.  , . Mot'll 

Projaetlla:  Dwg.  No.  300347 > Rav.  A,  Plastic  Band,  301 

Prlmar:  Typ«  , Lot  No.  No. 

Fla*h  T uba  4 36  spac  I a I , ~.  ” 

Projact  I le  Rat  ant  Ion:  &■&  Ml  I ijcj . ' iO  MU  I 

|anltori- TtiS  3Q$2)32.J“  taaliT. 


Propal I ant:  Fwd  Charga 

Aft  Charga] 
I mart ' 


■ Lot  No.. 

' Lot  No.. 

. Lot  No.. 


REMARKS:  Cl  <Xe.Tfe.i£jai£’  L-CiJaacvl 


FORM  NO.  SR-555-BI 


TEST  REPOST 


SERIAL  NO,  7 


OBJECTIVE i To  evaluate  Celcon  (Aeatal)  •>  a teal  materia’  candidate. 
REFERENCE  i S/N  $,6 


BACKGROUND: 


BALLISTIC 
DATA  i 


Tatt  aarlai  S/N  5 avaluatad  cartridges  with  bran  seats  that 
raaultad  In  Improved  ballistic  performance  whan  compared  to 
cartridges  without  seals,  Similar  results  ware  observed  In 
tatt  series  S/N  6.  The  brats  teal  was  machined  par  Drawing 
No,  SK  300520  and  positioned  on  tha  end  of  the  ease.  The 
casa  length  was  raduead  to  provide  tha  desired  crush  up. 
Crush  up  last  than  0,050  Inch  prevented  casa  failure  during 
chambering, 

Caleon  seals  made  to  Drawing  No.  SK  300528  were  machined 
from  extruded  round  bar  stock.  The  taels  were  not  bonded 
to  the  cartridges. 

‘Six  rounds  were  assembled  with: 


Forward  Charge 

Aft  Chaiga 

I gn I tor 

Retention 

Primer 

Caue 

Seal 


51*75  Propellant 
8446-9  Propal lent 
TMS  300L32 
40/10  Nc/Mylar 
32  Saw 

Nylon  6/12,  43  percent  glass 
Cel con 


PI  MAX  P8  MAX  P3  MAX  VELOCITY  TIME 


POUND  N0-- 
3A.7 
38.08 
LSI  TO  LS8 
PO  TO  LS8 
POUND  NO  — 
48. A 
46.88 

LSI  TO  LS8 
P3  TO  LS8 
MOUND  NO- 
38. 6 
44.  BB 
LSI  TO  L38 
M TO  LSB 
MOUND  NO  — 
38.3 
48.34 
LI  1 TO  LIS 
P9  TO  LSB 


m 

-1 .7 

e 

3166 

3161 

T38 

-.6 

e 

3514 

3888 

139 

-.4 

e 

3133 

3146 

748 

-.8 

e 

3108 

nil 


3156  5.18 


3491  5.38 


ROUND  N0--T41 
38.7  -.3 

45.83  0 

LSI  TO  LS2  3331 
P3  TO  LS2  3323 
ROUND  NO--? 

?42 

29.2  -.2 

42.89  0 

LSI  TO  LS2  2806 
n TO  LS2  2818 


DISCUSSION!  Comparison  of  ballistic  data  recorded  In  this  ta*t  serial 
with  S/N  $ and  6 Indleatai  that  tha  Caleon' matarlal  wai  not 
aqulvalant  to  tha  matal  taali.  Tha  aetlon  tlma  wai  5-2 
mlllltacondt  In  thli  tait  compared  to  4.2  ml  1 1 liecondi  In 
S/N  5.  Tha  longar  action  tlma  ahould  have  resulted  In 
projactlla  valocltlas  graatar  than  tha  3200  fact  par  seeond 
raeordad.  Tha  avaraga  paak  blowby  pressure  raeordad  waa 
8.25  Kpil.  Thli  praaiura  Indleatai  that  tha  ahot  itart 
cyela  wai  In  an  ovar-lgnltlon  nodi.  Thli  could  ba  cautad 
by  a faulty  laal,  leal  fallura  or  tha  fact  that  tha  laali 
wara  not  bonded  to  tha  eaia.  Tha  eharvadouter  iaal  turfaca 
Indleatad  exceiilva  gai  leakage  between  tha  iaal  and  tha.  eaia 
and.  Tha  taali  ware  eroded  away  to  varying  dagraaa  except 
for  a narrow  band  that  wai  waldad  to  tha  cate  and,  Tha 
remaining  portion  wai  waldad  by  lurfaea  malting  and  pranura. 

CONCLUSION!  Tha  Caleon  matarlal  wai  not  lultablo  ai  a iaal  In  tha 
configuration  evaluated,  Material  aroilon  and  ejection 
from  tha  barrel  wara  not  dailrabla.  The  iaal  Interface 
with  tha  eaia  wai  Indicated  to  ba  Important  from  a gai 
path  and  ovar-lgnltlon  shot  itart  lequance. 

Additional  taiti  are  recommended  In  an  alternate  iaal  dailgn 
configuration. 


OBJECTIVE : \a 


J5MM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


lAt-OMfe. 


T«»t  Fixture;  I ITRI  fTfiTlVERSTfc.  AIA.  , . 

Cartridge  Cat.:  Dwg.  Hoi  SETlOOm^ Rav ■ Hat 1 1 *>/ It.  ^o%<Qu M3 

Dug.  No.  . Raw.  H«t ' I 

ProJ.ctlle:  Dwg.  No.  300J^7«  R«v.  A,  Platt  I C Band,  3606  Grain.' 

Primer:  T vat  Lot  No.  No. 

Fla.h  Tub«:  ^TzSSWji  38  Special,  . — — — ZxjCTITM.  / J/  J'C) 

Projectile  Retention:  _J H 1 1 NC , 10  Nil  Mylar,  Mil 

jfa.-  -ZS3LagS3S 

Prop.  1 1 ant ; Fwd  Charge _ , . «t  No..  ESSZT^ 

Aft  Chare.  ■ Lot  No.  af-  Cef? 

Intart  — Lot  No. . „ 


REMARKS: 


C,c>ir  y&.e>&s‘ 


PROPELLANT  WT  (GRAMS) 


TOTAL  PROP.  WT 


IGNITOR  WT 


37 

93.  3 

44.? 

/ 3<3. 

4,/r 

TSeT 

47,  7 

— /4/.  s- 

4,/r 

.3? 

?3,6 

4d,S 

— /3*. • 

cvf 

4^ 

93,9 

44,1 

— /3*.  6 

Ch/C 

47 

93,9 

44,4- 

43:5.4 . 

a,/C 

4a 

9 3.3 

44,  s 

/J7.  7 

a,/ S' 

FORM  NO.  SO- 555-8 1 


TEST  REPORT 


SERIAL  NO.  8 
OBJECTIVE i 


BACKGROUND  i 


BALLISTIC 

DATA: 


To  obaarve  tha  effect  of  the  Intarfaranca  laal  concapt  on 
ball  I at  le  parfomanea. 


REFERENCE i S/N  $. 


Favorable  bat  I title  performance  wai  raeordad  In  S/N  5*  Thl a 
waa  Interpreted  to  ba  tha  raault  of  an  Intarfaranca  between 
tha  bran  laal  and  tha  projactlla  In  tha  aho't  atart  eyela. 
Tha  projactlla  wai  forcad  to  dacatarata  aa  It  obturatad  tha 
barral.  A dacraaia  in  tha  rata  of  change  of  fraa  volume 
Improvai  tha  propellant  Ignition  procan  by  Incraaalng 
local  praiaura.  Propellant  blowby  ihould  ba  reduced 
bacauaa  of  tha  reduced  flow  area  cauaed  by  tha  Intarfaranca 
of  tha  aaal.  Tha  bran  aaal  deformation  Indicated  that  tha 
projactlla  wai  probably  damaged  during  tha  Impact.  To 
minimi (a  tha  damage  and  maintain  tha  dealreble  ahot  atart 
propartlaa.  It  wai  determined  to  avaluata  plaatlc  matarlali 
to  replace  the1  braia  aaal. 

Calcon  waa  aalaetad  aa  the  f I rat  candidate  for  a nonmetal 
laal.  The  aaal  waa  configurated  limiter  to  tha  braia  aa 
ahown  In  SK300S23 • Tha  I nil  da  diameter  waa  reduced  to 
reflect  different  degreea  of  Intarfaranca. 

Twelve  rounda  ware  aaaamblad  wlthi 


Forward  Charge 

Aft  Charge 

Ignitor 

Retention 

Primer 

Caaa 

Baal 


PI  MAX 


P»  MAX 


• SkkO  propellant 

• ikki-9  propellant 

- TMSJOObJJ , J00NJ9 

- 40/10  - NC/Mylar 

• 32  Saw 

• Nylon  6/12.  b3  percent  glaaa 

• Calcon 


P3  MAX  VELOCITY  TIME 


ROUND  NO  — T43 

37.3  0 

45.89  B 

LB  I TO  LS8  3075 
P3  TO  LB 8 3071 
ROUND  NO—746 

30.3  • . 8 

46.59  0 

LSI  TO  LSB  8499 
Pi  TO  LB 8 8690 


3868  4.96  Ignitor: 

IMS  300432 


8905  5.6 


BALLISTIC 

DATA; 


ROUND  NO- 

? 49 

39. 2 

. 1 

4. 

56 

49.17 

0 

4. 

51 

LSI  TO  LSS 

3046 

P3  TO  LS2 

3071 

ROUND  NO- 

7 88 

43  • 7 

0 

6. 

08 

50.23 

0 

1. 

15 

LSI  TO  LS2 

3678 

309? 


3 646 


5. IB 


e.00 


P3  TO  LSe  3660 


> Ignitor:  TNS  J00439 


PI  MAX  P2  MAX 

P3  MAX 

ROUND  NO— 744 

29.9  -1.7 

8.3 

31.51  0 

LSI  TO  LS2  44 
P3  TO  LS2  0 
ROUND  NO— Ti45 
38.2  ‘-.5 

2.41 

8.46 

19.76  0 

LSI  TO  LS8  43 
pa  TO  LS2  0 
ROUND  NO— 0 47  ■ 

8 

24.1  -.3 

\ S.4I 

48.58  8 

<r  5.53 

LSI  TO  LS8  2191 
P3  TO  LS2  8883 
round  no— r so 

44.6  -.1 

7.61 

83.18  0 

LSI  TO  LS2  3899 
P3  TO  LS8  3982 

0 

2900  B*t  s,e 


BOUND  NO  — T 48 
19.  T 

37.83  0 

LSI  TO  LS2  1616 
P3  TO  LS2  2428 
BOUND  NO  — 7 51 

53. 7 0 

82.33  ,06 

LSI  TO  l, SR  3682 
K)  TO  LS2  3686 
ROUND  NO— TJ  S3 
39. 1 0 

80.99  .26 

LSI  TO  LS2  2734 
P3  TO  LS2  2906 
ROUND  NO-*?  S4 

36.7  .2 

80.39  .81 

LSI  TO  L88  3078 
P3  TO  LSB  3071 


Ho 


3.88 

8.92 

coition 


7,  I 


6.33 

8.7? 


6.24 

4.14 


9999 


2905 


3906 


it* 


3060 


3097 


3060 


83.28 


6.01 


14.94 


9.92, 


12.83 


8.67 


6.01 
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DISCUSS  I OK : The  ballistic  results  Mere  separated  Into  four  seal 

configurations  with  Inside  diameters  of  0.985.  0.870.  0.750 
and  0.825  Inch,  tech  group  was  evaluated  with  two  THS 
Ignitors  300432  and  300439- 

The  most  significant  effect  on  ballistic  performance  was 
Indicated  with  the  smell  Inside  diameter  seels.  The 
velocity  Improved  to  a greeter  value  with  the  432  Ignitor 
and  the  0.825  Inch  seal  aperture.  The  limited  number  of 
tests  were  not  sufficient  to  confirm  the  results. 

The  cartridge  cases  and  seels  were  examined.  All  but 
one  case  was  charred  on  the  exterior  surface  Indicating 
seal  leakage.  The  leek  was  anticipated  because  no  attempt 
was  made  to  bond  the  seat  to  the  case.  Oblong  portions  of 
the  teal  were  recovered  down  range.  Examination  of  these 
placet  Indicated  that  the  seel  obturated  with  the  barrel 
but  was  ejected  from  the  barrel  early  In  the  ballistic 
cycle.  The  portion  of  the  teats  that  remained  with  the 
cates  ware  approximately  0.080  Inch  thick  end  these  were 
thermally  welded  to  the  cate  by  the  combustion  gases. 

The  origin  of  the  cate  base  crack  hat  been  Identified. 

The  cates  that  have  felled  at  the  bate  have  bean  with 
glass  contents  greater  then  33  percent  end  In  cartridges 
• evaluated  with  TM3300432  Ignitor.  Similar  tests  with 
TNS3004)9  Ignitor  have  not  eeuted  cate  failure.  The  432 
It  more  brlaant  then  the  439 • The  crack  originates  at 
the  Ignltor/cate  Interface.  It  It  the  result  of  the  rapid 
expansion  of  the  SAW  brass  eeuted  by  the  burning  Ignitor. 
The  crack  can  be  eliminated  by  removing  a portion  of  the 
Ignitor  support  In  the  case  or  changing  the  Interface 
with  the  brats  Ignitor. 

CONCLUSION i The  Interference  seal  concept  wet  feasible  end  Indicates 
that  velocity  Improvements  without  sacrificing  the  other 
ballistic  properties  was  possible.  Celcon  was  not  a 
satisfactory  material  candidate  because  of  the  difficulty 
. In  providing  a satisfactory  bond  with  the  ease.  The 
tests  should  be  repeated  with  nylon  seals  that  era 
bonded  to  the  case.  A seal  design  modification  should 
be'.  Incorpora  ted  to  allow  for  materiel  displacement 
without  material  loss. 

The  eauss  of  case  failure  at  the  base  has  been  Identified 
and  can  be  corrected. 
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RmTOI.  iW«w  KVv£m.  »’> 


T*»t  Fixtures  IITRI.gONIVEteAfc7.  RIA.  r . 

C«rtrlds«  Cates  Dwo.  Wo.  triOOLtiE  Rau.  . Mat*  I N'#*^=>Nj  . G/l»  A S 

. . Dwg-  No,  , Mv._.  Hot 1 1 1 -< 

Projectile!  Dwg.  No.  J00J47i  Rev.  “A,  PlaTtTT^and,  jOTfiTTroln'.' 

Frlmopi  Tvoo  _ Lot  No.  .No. 

Floih  Tuboi  aJSiHl  3B  Special , " ' /£rj-,n> 

iffi!. ! ’!  *. -fe-  -Hl  1 ^ - . /0  H|  1 **'•>•>  Hu  j 

£ dCSai . . *•« \ « r_.  k>  ^ 


S 5^-04. 


Projectile  Retention 
Ignitor i TnWS.  Vjj 
Prop* I lint!  FwaC barge 
Aft  Charge] 
I noart ' 


/.cjcjin  as  /$& 

HI ) __ 


, Lot  No. 

. Lot  No.; 
, Lot  No." 


REMARKS! 


iBOtJ 


M CIAPl&u 


CHAiTatc**,  UfcMoyrM  j.obS 

Hound  I propellant  wt  (prams) 

I NO. 


\ 4iCP\  m I 44  <r 

d.VSl  44- 

cl  4fT  I 8S.O 


,t)U  CAuM  ty 


TOTAL  PROP.  WT  I IGNITOR  WT 


as.  r 


9. 


B8.o^\  44, 6 


® Pacp«u-vjt 

FORN  NO.  SG-555- 81  ^ OT.'b,  « \ .OX}  '1 


/3^.6 


das  (4 39 


(4 si 


T,0 


.czs 


<r 

tS 

3066 

0,*S\ (4 it) 

s 

3*6 

Jtyttsr 

fi,  2 t43* »J 

& 

Sfc  - 

4 £.  <V.5l) 

<c 

*A 

2<H>S 

4/f  /<?{) 

S 

3.0 

tyf 

0,93(4*1 ) 

c. 

8,0 

MA- 

S 

*,? 

JOf? 

0>lS(4**) 

0 

J*>* 

jr^>6 

o,**Ol3l) 

$S 

to  *4 

3&0 

0,i*(4$) 

z 

4 

30U 

4.t*t4*{ J 

s 

3J 

3o?? 

4 

Sy 

506  e 

0,1^431) 

1S7 


24. 
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W,7 

st/r- 
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yy.7* 
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y*.f 
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‘t 
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yy  7 

/.  a /o 

0 

e&J 
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0 

Vv? 
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U 
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A3/0 

*4 

at 

yy.rc 

AjoJT 

V 

63? 

VVM 
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*« 
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Vy,jj 
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6YI 

A3  o? 

OfX. 

vy  w 
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0 

0$ 

yy.iTA 
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TEST  REPORT 


SERIAL  NO.  9 

OBJECTIVE:  To  evaluate  Zytal  (OuPont  Nylon  6- 12)  a*  a ital  matarlal 

candidate. 

REFERENCE:  S/N  7 

BACKGROUND:  The  teal  configuration  evaluated  In  S/N  7 (SK300520)  was  not 

satisfactory  because  of  the  square  corner  that  protruded  Into 
the  gas  flow  path  at  the  barrel  entrance.  A seal  configuration 
with  an  Internal  angle  of  45  degrees  was  selected  as  a baseline 
to  evaluate  candldata  teal  materials  (SK300522). 

Two  teal  materials  were  selected  for  this  teal  concept  evaluation. 
The  materials  were  DuPont  nylon  6-12,  unfilled  (Zytel  151)  and 
43  percent  fiber  fitted  (Zytel  77G43).  The  seals  ware  machined 
from  flat  sample  specimens  0.250  Inch  thick.  The  seals  were 
bonded  to  the  cate  with  meta-cratol  adhesive. 

Ten  rounds  were  assembled  with: 


forward  Charge  - 8472-1  propellant 

Aft  Charge  - 8446-9  propellant 

Ignitor  - TMS30Q432,  300439 

Retention  - 40/10  NC/Hylar 

Primer  - 32  S6W  Pistol 

Case  - Nylon  6-12,  43  percent  glass 

Seal  - Zytel  151  and  77043 


\ 
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BALL  I ST  I C DATA;  p,  ^ 


P8  MAX  P3  MAX  VELOCITY  TIKI 


ROUND  NO—  T 55 

30. S -1.3  7.93  3455  30.39 

15.55  0 0 

151  TO  L58  3476 
PS  TO  LSS  3465 
ROUND  NO— 7 60 

85.9  -.6  9.11  3097  83.56 

49.39  0 0 

IS  1 TO  LS8  3075 
P3  TO  LS2  3186 
BOUND  NO— ?'S6i 

81.4  -.1  5.91  8687  6.08 

46.16  0 3.98 

LSI  TO  LS8  8644 
» TO  LS8  8635 
MOUND  NO— 7 57 

88  ‘ -.8  6.56  8788  6.15 

47.48  0 8.87 

LSI  TO  LS8  8806 

P3  TO  L58  8794 
ROUND  NO- -7  58 

31  0 9.88  3491  34.98 

67.54  0 0 

LSI  TO  LSS  3476 
P3  TO  LS2  3484 
ROUND  NO— 7 59 

9.4  0 ' 6.83  80)5  16.79 

.457 

47.61  0 0 

LSI  TO  LS8  8018 
P3  TO  LS8  8014 
ROUND  NO— 7 61 

18  0 9.11  8830  9.78 

54.49  0 .56 

LSI  TO  LSS  8806 

P3  TO  LS8  8818 
ROUND  NO— 7 62 

88.3  0 6.93  8806  7.04 

49.38  0 3.56 

LSI  TO  LS8  8806 

n TO  LSS  0006 
ROUND  NO--T  63 

83.8  .8  $.53  3018  81.67 

70.38  0 .3 

LSI  TO  LSS  8989 

PO  TO  LS8  3080 
ROUND  NO— 7 64 

85.1  .1  6.65  895?  6.9 

49.27  .04  3.05 

LSI  TO  LSS  8934 
P3  TO  LSS  8946 
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Vi 


! 


DISCUSS  I ON i The  remained  attached  to  the  cartridge  eatat  and 

appeared  to  withstand  tha  ballistic  environment  without 
severe  erosion.  Tha  seal  configuration  was  accaptabla 
as  a baiallna  design.  Ona  saal  made  from  tha  glass  filled 
nylon  cracked  longitudinally  In  two  places.  The  break 
was  a hoop  tensile  failure  and  was  probably  tha  combined 
result  of  an  undarslaad  diameter  and  tha  low  percent 
elongation  of  the  material.  All  tha  unfilled  teals 
functioned  without  failure.  The  erosion  of  the  seating 
surface  Indicated  a gat  leak  was  present  but  no  demage  to 
tha  gun  was  observed. 

The  ballistic  performance  data  Illustrates  the  affect  of 
a low  RQ  forward  charge.  Aetlon  times  up  to  35  milliseconds 
wera  recorded  and  blowby  pressures  were  only  up  to  6 Kps  I, 
hounds  with  similar  components  and  baseline  (100  RQ)  forward 
charges  produce  5 millisecond  action  times  and  blowby 
pressures  up  to  10  Kptl.  Tha  forward  charge  provides  an 
Important  contribution  to  the  Interior  ballistics  of  the 
cartridge. 

The  cartridge  cases  that  utllixad  Ignitor  TMS30QA32  all 
cracked  at  the  bate.  The  cracks  originated  at  the  Ignitor 
cavity  and  propagated  across  tha  base  and  forward  along  tha 
case  sidewall  for  approximately  three  Inches.  The  cases 
ware  extracted  from  the  gun  chamber  Intact. 

CONCLUSION!  The  unfilled  nylon  6-12  material  was  selected  for  continued 

development.  The  saal  configuration  described  with  an  Internal 
bevel  was  determined  to  be  satisfactory  as  a baseline  for 
subsequent  seal  material  evaluations, 

The  low  RQ  forward  charge  was  not  desirable  In  this  cartridge 
configuration.  A dlfferert  Ignitor  such  as  black  powder  with 
a less  brltant  energy  output  would  be  desirable. 


I 
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TEST  REPORT 


SERIAL  NO.  10 
OBJECTIVE: 

REFERENCE: 

BACKGROUND: 


BALLISTIC 

DATA: 


To  evaluate  fbrlon  (AMOCO  polyamlde-lmlde)  at  a candidate 
taal  materiel. 


S/N  9 

Torlon  is  a naw  thermoplastic  with  exceptional  physical  properties. 
Tensile  strengths  are  up  to  27(000  pjl  and  elongation  Is  up  to 
13  percent.  These  properties  are  considered  desirable  for  a seal 
material. 

Seals  were  machined  from  flat  sample  blanks  0.170  Inch  thick  of 
two  material  formulations  4203  and  4301.  Torlon  4301  contains 
graphite  and  teflon  additives  for  lubrication  properties.  It 
has  tensile  strengths  of  20,000  pst  and  elongations  of  6 percent. 
The  teal  configuration  was  described  In  SK300522.  The  seals  were 
bonded  In  the  cartridge  case  with  pllobond  20  adhesive. 


Four  rounds  were  assembled  with: 


Forward  Charge 

Aft  Charge 

Ignitor 

Retention 

Primer 

Case 

Seal 


8446*9  propellant 
8446*9  propellant 
TMS  300439 
40/10  - NC/Mylar 
32  StW  Pistol 

Nylon  12,  38  percent  glass 
Torlon  4203  and  4301 


7 11  Peet 


PI 

MAX 

P2  MAX 

P3  MAX 

VELOCITY 

TIME 

POUND  NO-- 

7 65 

36.7 

•1  .2 

5.47 

3315 

5.12 

32.30 

6 

6 

LSI 

TO  LS2 

3297 

P3 

TO  LS2 

3366 

POUND  N0-- 

? 06 

39 

-.3 

6.69 

3419 

5.B7 

48.49 

e 

1.16 

LSI 

TO  LS2 

3462 

P3 

TO  LSS 

3416 

BOUND  NO-- 

7 67 

31.4 

-.  1 

4.96 

2565 

5.94 

45.17 

e 

6.24 

LSI 

TO  LSS 

nets 

P3 

TO  LS2 

2562 

POUND  NO-- 

? 68 

49.6 

6 

6.69 

4101 

39.11 

66.59 

6 

0 

LSI  TO  LS2  4046 
P3  TO  LS2  4074 
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DISCUSSION: 


The  torlon  seals  were  partially  acceptable.  Two  were  ejected 
from  the  gun  and  one  teal  was  cracked  longitudinally.  Examination 
of  the  seals  Indicated  that  the  outside  diameter  was  0.060  Inch 
below  tolerance  and  no  per  drawing  SK300522.  The  reduced  diameter 
required  the  seal  to  expand  beyond  the  yield  point  and  the  high 
strain  rate  generated  by  the  combustion  gases  caused  the  material 
to  fall.  The  tests  should  be  repeated  with  seals  of  the  correct 
diameter. 

• The  cartridge  cases  did  not  crack  and  this  was  attributed  to  the 

slow  burning  Ignitor  TMS  300439. 

The  ballistic  performance  Indicates  that,  blowby  occurred  In  three 
rounds  and  a stop  action  In  one  round.  The  erratic  behavior  wet 
not  determined  but  was  believed  to  be  related  to  an  Ignitor 
malfunction.  Blowby  prassuro  ranged  from  5 Kpsl  to  10  Kptl 
Indicating  prematura  Ignition  of  the  aft  charge. 

CONCLUSION;  The  torlon  seal  results  were  Inconclusive  and  the  tests  should  be 
repeated  with  teals  of  the  proper  diameter  dimensions. 
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TEST  REPORT 


SERIAL  NO.  11 
OBJECTIVE  t 

REFERENCE: 

BACKGROUND: 


To  observe  the  effect  of  «n  Interference  forward  ice)  on  ballistic 
performance. 

S/N  3 

Test  series  S/N  3 indicated  that  velocity  Improvements  were 
achieved  by  providing  an  Interference  fit  between  the  projectile 
and  the  forward  seal.  The  tests  showed  that  the  projectile 
decelerated  prior  to  engraving  and  the  reduced  annular  flow 
path  around  the  projectile  reduced  the  blowby.  The  seals, 
however,  ware  ejected  from  the  gun  and  analysis  of  the  inter- 
ference mechanism  was  not  performed. 

A seel  with  an  Increased  cross  section  was  selected.  The  seals 
were  made  In  two  length  to  width  radios,  1:1  and  1:2.  The  Inside 
diameter  was  0.328  Inch  to  provide  an  interference  fit  with  the 
projectile  ogive.  The  bourralat  diameter  was  0.986  Inch. 

Six  rounds  ware  assembled  with: 

Forward  Charge  - 5^ /9  propel  lent 

Aft  Charge  - 8AA6-9  propellant 

Ignitor  - TMS  300432 

Retention  - 40/10  NC/  Mylar 

Primer  - 32  SSW  Pistol 

Case  - Nylon  12,  33  percent  glass 

Seal  - A8S,  unfilled 


PI  MAX 


PS  MAX 


P3  MAX 


VELOCITY 


TIME 


BALLISTIC 
OAT  At 


POUND  MO--7E9 
32.7  -1.3 


E.U9 


3 1. 

73 

If 

.0 

a 

— 

L5 1 

TO 

L52 

3U£ 

F0 

TO 

LS£ 

3m 

ROUND 

N0-- 

7 70 

34 

-.6 

t. 

f 3 

41  . 

72 

0 

1. 

93 

LSI 

TO 

use 

3075 

K) 

TO 

LS2 

3C6< 

POUND 

N0-- 

771 

31. 

C 

-.2 

*. 

fit 

43. 

If 

f: 

4 . 

t l 

LSI 

TO 

LSL 

i£(bC 

F3 

TO 

L$£ 

£.’1355 

3l£f  5.12 


3297  S . 1 £ 


3 I'D  9 *.3£ 


KeoMB  *->0.7*  — — 


I 


POUND  N0--773 
99.9  -.1 

81.26  8 

LSI  TO  LS8  73 
PO  TO  LS2  3175 
ROUND  N0--T74 
99.9  -.1 

79.05  0 

LSI  TO  LSC  3910 
PO  TO  LS2  3846 


6.01  a £30  56.  tie 

e 


6.31  3633  43.09 

0 


DISCUSSION!  The  ballistic  performance  waa  similar  and  raproduclbla  In  aach 
group  but  distinctly  different  between  aach  group.  The  group 
with  the  0.25  Inch  long  seal  had  uniform  blowby  hut  at  a 
reduced  magnatude  than  normally  observed.  The  blowby  averaged 
7 Kps  I . 

The  group  with  the  0.5  Inch  long  teal  produced  long  action 
time  stop  ballistics.  This  Indicates  that  the  projectile 
stopped  and  the  Ignitor  was  not  energetic  enough  to  Ignite 
the  propellant  In  the  available  free  volume. 

The  significant  differences  In  ballistic  performance  between 
the  two  cartridge  configurations  Indicate  that  the  forward 
seal  can  be  made  to  have  a pronounced  effect  on  cartridge 
performance. 

Each  of  the  seals  were  ejected  from  the  test  fixture.  The 
cases  did  not  crack  at  the  base  as  normally  observed  with 
glass  contents  greater  than  33  percent.  The  absence  of  cracks 
was  observed  In  previous  tests  with  THS  300432  and  33  percent 
glass  filled  nylon  12  cases. 


CONCLUSION: 


Th«  forward  tael  was  shown  to  have  a a I gn t f t cant  Inftuanca 
on  ballistic  parformanoa  and  It  a method  of  controlling  the 
Interior  ballistic  cycle. 

Additional  tests  are  recommended  with  the  Internal  beveled 
teal  configuration  and  a slower  burning  Ignitor  Ilka  Class  3 
black  powder. 


STIC  CASE. 


TEST  REPORT 


SERIAL  NO.  12 


OBJECTIVE:  To  evaluate  the  effect  of  eft  charge  surface  detorrent  on 

ballistic  performance. 

BACKGROUND:  Selective  surface  deterrence  studies  were  conducted  In  Phase 

1 1 1 of  the  GAU-7/A  program.  Ballistic  tests  demonstrated  the 
shot  start  cycle  could  be  controlled  with  this  technique.  The 
coating  utilized  was  a toluene  thinned  plastic  rubber  adheslve> 
No.  PR-1  manufactured  by  Woodhllt  Chemical  Corp.  The  rubber 
was  painted  on  the  surfaces  of  the  charges  to  be  deterred. 

GAU-7  tests  Indicated  that  the  aft  portion  of  the  forware  charge 
and  the  forward  portion  of  the  aft  charge  were  critical  Ignition 
areas. 

A reevaluation  of  the  deterrent  studies  were  considered  to  be 
beneficial  to  the  development  of  the  shot  start  mechanism  In 
the  plastic  case  cartridge.  The  rubber  coating  was  applied  to 
selected  surfaces  of  several  aft  charges.  The  surfaces  were 
the:  A.  Ignitor  cavity, 

B.  Ignitor  cavity  and  the  forward  end, 

C.  Ignitor  cavity,  forward  end  and  half  the  outside, 

0.  All  surfaces. 


Twelve  rounds  were  assembled  with: 


Forward  Charges 

Aft  Charges 

Ignl tor 

Retent  Ion 

Primer 

Case 

Seal 


5479  Propel  lent 
8446-9  Propel  lent 
TMS300432 
40/10  NC/Mylar 
32  SsW  Pistol 

Nylon  12,  38  percent  glass 
ABS  unf  I I led. 


VJA 


BALLISTIC 

OATA; 


r i Kft?  1 e M/i'.\ 

1 3 ('AX 

ULOCITY 

POIND  N0-*7bl 

llaiif.n  tc 

IjOI’NC 

N0--7C1: 

34. 

S -1.2 

5.22 

3455 

a 

V- 

V 

LSI  TO 

LS£  342£ 

ro  to 

LS2  3428 

HOUND 

NO--783 

38. 

6 -.7 

4.59 

17. 

68  f 

e 

LSI  TO 

LSI  2 56 e 

P3  TO 

LS2  £959 

POUND 

N0--784 

1 l/i  m>  Tire 

LSI  TO 

L5S' 

P3  TO 

LS2 

POUND 

N0--765 

Hang fire 

lOLNli 

NO--?b( 

4b. 

a - 1 . i 

. 94 

2600 

ss. 

97  li. 

( 

LSI  TO 

LSc  1 9 1 ( 

P3  TO 

LS  2 

POUND 

N0--7P7 

( £ 

*«  S 

4.34 

3297 

69. 

£6  fc 

1 .03 

LSI  TO 

i LS2  3 Id  1 7 

PD  TO 
WIND 

LS£  3(357  . 
NO- -7 tfi 

4. ‘91 

4V. 

4 1 

2600 

67. 

75  t: 

4.3 

LSI  TO 

LS2  177b 

P3  TO 

LS£  £624 

POUND 

N0--7P9 

87. 

( -.1 

4,  1 

2R00 

f9. 

( 1 h 

4.15 

LSI  TO 

L5>2  1951 

W TO 

LS2  2794 

round 

M0--?9b 

M . 
60. 

2 - . 4 

7)  C 

5.  1 

.89 

31ft 

LSI  TC 

> LS2  3243 

P3  TO 

L52  3 1 75 

POUND 

N0--791 

88. 

69. 

8 -.3 

47  2 

5.18 

.99 

3161 

LSI  TO 

LSO  3243 

P3  TO 

LSS  3175 

ROUND 

NO  - *7  92 

55. 

69. 

4 -.2 

76  e 

4.  b6 
l . 96 

2972 

LSI  TO 

LS2  32)69 

P3  TO 

LS2  2987 

. 

— , , 

1 IMS 


44.(7 


t.(  .4 


l.fcS 


5.32 


4.7 


lb 


;.3s 


4.91 


5.  IB 


TMS  300432 
0.15  gm 


0.30  glTi 


COPY  AVAILABLE  TO  *jj«g HOT 
PERMIT  FULLY  LE6IBLE  PROBUCTtOM 
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DISCUSSION: 


V • 1 


CONCLUSION: 


The  cartridges  were  originally  assembled  with  0.15  gram  of 
Ignitor  TNS300432.  Ballistic  action  times  recorded  with 
rounds  No.  81  to  85  were  not  less  than  26  milliseconds  (msec). 
The  latter  value  exceeded  the  sampling  time  for  the  data 
acquisition  system  end  no  date  was  recorded.  The  remaining 
ignitors  were  down  loaded  end  the  Ignitor  charge  was  Increased 
to  0.30  gram.  The  action  times  for  the  subsequent  tests 
averaged  5 milliseconds  and  resulted  In  blowby  performance. 

The  magnitude  of  the  blowby  pressure  was  approximately  half 
the  pressure  normally  observed  without  the  deterrent  coating, 
The  magnitude  of  the  blowby  pressure  was  not  reduced 
sufficiently  to  provide  the  desired  ballistic  performance. 

The  most  uniform  performance  was  observed  with  ell  the  surfaces 
of  the  eft  charge  coated. 

Surface  deterrence  of  the  aft  charge  had  e beneficial  effect 
on  the  ballistic  performance  by  reducing  the  magnitude  of 
blowby.  The  TMS300432  Ignitor  was  too  brlsence  for  the 
preliminary  evaluation.  Subsequent  tests  with  deterred 
charges  should  use  e black  powder  Ignitor. 
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TEST  MN»T 


SERIAL  NO,  15 
OlJECTIVEi 


REFERENCE i 
BACKGROUND  i 


To  telect  a batellne  black  powder  Ignitor  for  turfaee  datarrad 
aft  chargai. 


Tha  taiti  conducted  In  Sarlai  S/N  12  with  selectively  datarrad 
aft  eharga  turfaeat  lndleatad  tha  Ignitor  TMS300L32  wai  too 
brl»ant.  A black  powdar  Ignitor  wai  recommended  *ub»equent  to 
preliminary  evaluation*, 

Slack  powdar  granulation*  C)a*»  3 and  6 were  telacted  for  theta 
taat*.  Tha  black  powdar  wat  Identified  par  Ml L-P-223,  The  aft 
charge*  ware  painted  with  tha  naopran*  deterrent  on  all  turfaee*, 

Tan  round*  were  attemblad  wlehi 


Forward  Charge 

Aft  Charge 

Ignitor 

Retention 

Primer 

Cate 

Seal 


5k?9  Propallant 

8kk6-9  Propellant 

Black  Powdar,  Clatt  3 and  6 

bO/IO  NC/Mylar 

32  StW  Plato! 

Nylon  12,  38  percent  glat* 
AW,  unfilled 


*w-v  n, 1 ! ■ -‘-M  - -1*  "*v 


BALI  I STIC 
DATA  i 


Pi  MAX  PK  MAX  P3  MAX 


BOUND  NO  — 7 99 

08  -.8  A. 31' 

49.55  0 7.04 

LSI  TO  LSB  1698 
PI  TO  L5£  2869 
BOUND  NO  — ? 1 80 

56.7  *.8  *.! 

62.3  7 0 8.  u(< 

LSI  TO  LS2  2770 
W TO  LS2  2737 
ROUND  NO  — 7101 

38.8  ,1  3.70 

.083 

45.39  1.19  7.18 

LSI  TO  LS2  1864 
P3  TO  LS2  1700 


ROUND  NO  — ? It>a 
7102 

99.1  .(>  5.712 

75.04  1.38  4.07 

LSI  TO  LS2  3 781 

P3  TO  LS2  3824 
BOUND  NO  — 7103 

88.7  .3  4.98 

64.12  1.01  7.49 

LSI  TO  LS2  3243 
P3  TO  LSR  1206 
«)UND  NO  — 7 104 

40.6  .3  3.65 

80.4  0.36  10 

LSI  TO  L.50  1405 

P3  TO  LS2  IIP  ill 
ROUND  NO — 7 I 03 

37.7  .3  4.06 

37.5  8.2  6 .51' 

LSI  TO  L52  1777 

P3  TO  LSI?  2441 
HOUND  NO  - -7  1 05 

99.9  .3  6.07 

81.41  2.29  4.93 

LSI  TO  LS2  3910 
P3  TO  LUO  - 36  69 


VELOCITY  TIME 


3357  5.53  BP  ClM*  6 


2730  6.08 


1669  13.49 


3833  7.18  Bp  Clm  j 

3199  5.56 

2526  0.62 


2650  7.18 


3860  7.31 


•Ml 


DISCUSSION: 


CONCLUSION! 


Black  powdar  Clast  6 was  evaluated  In  rounds  No.  99.  100 
and  101.  Tha  test  results  Indicated  that  Class  6 was  not 
a satisfactory  Ignitor.  All  tha  chargas  produced  btowby 
performance.  The  Incorporation  of  a mylar  strip  I ns  I da  the 
aft  grain  Increased  the  Ignition  delay  and  delayed  the 
retainer  release  resulting  In  a long  action  time  end  violent 
blowby. 

Tha  decision  was  made  to  evaluate  the  remainder  of  tha  rounds 
with  Class  3 black  powder.  An  Ignitor  charge  weight  of  0.75 
gram  was  evaluated  In  Test  No.  102.  The  resultant  ballistic 
performance  Indicated  that  this  cartridge  had  a satisfactory 
shot  start  cycle  but  the  99  Kpe 1 pressure  Indicated  that  the 
projectile  stopped  or  hesitated  at  tha  barrel.  A repeat  tast 
at  0.75  gram  charge  resulted  In  similar  high  pressure 
performance  but  blowby  reduced  the  velocity  to  3200  fps.  A 
reduction  In  charge  weight  to  0.60  gram  produced  a similar 
affect  at  a reduced  charge  weight  of  the  Class  6 did  on 
performance.  The  action  time  Increatad  slightly  and  tha 
velocity  decreased.  This  behavior  was  Indicative  of  a 
projectile  stop  prior  to  barrel  obturation  --  a situation 
observed  In  tha  GAU-7  shot  start  development  program.  The 
behavior  Is  a result  of  Insufficient  Ignitor  energy  to  propel 
the  projectile  and  Ignite  the  propellant  at  tha  correct  time 
In  the  shot  start  sequence  of  events.  A test  with  the  mylar 
strip  has  similar  low  performance  results  due  to  delayed 
projectile  First  motion  (late  retainer  release). 

The  forward  seals  were  ejected  from  the  test  fixture. 

Class  3 black  powder  was  selected  as  a baseline  Ignitor  for 
deterred  surface  expar 1 monts . The  charge  weight  recommended 
was  0. 75  + 0.05  gram. 

The  cuase  for  the  excessive  chamber  pressures  was  the  result 
of  stop  mode  performance.  The  propellant  AQ  selected  for 
this  cartridge  was  based  on  nonstop  GAU*7  ballistics. 


212 


2SMM  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 
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ZfrT 
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OPTION  FOR  P8  1 »RR  8-P8NAXT8 
DISTANCE  TO  FIRST  LIOHT  SCREEN? 10 
DISTANCE  SETVIEN  L10HT  SCREENSTSB 
X-RAD  I "YES  SaNOTI 


PI  MAX  PS  MAX  P3  MAX  VELOCITY  TIME 


ROUND  NO— 71  * 

IB.S  • . I a.S  SMS  1.46 

I4.T4  S 7.63 

LSI  TO  LS8  I 6SS 
PC  TO  LSI  8813 
ROUNO  NO— TO*** 

STOP  AT  LINE  88M 

READY 

RUNNH 


OPTION  FOR  PI  I «RR  B-PBMAXT8 
DISTANCE  TO  FIRST  LIOHT  ICREENT37.8I3 
DISTANCE  RETVEEN  LIOHT  SCRIINST 7.133 
K.RAD  I "YES  t*N0tl 


PI  MAX 


PS  MAX 


ROUND  NO— 7IF 
41.6 
.101 

IS. 60  S 
LSI  TO  LSS  S41 1 
n TO  LSS  8431 
ROUND  NO— TOO** 


P3  MAX  VELOCITY 


4.16  1438 

7.66 


TIME 


8. IS 


B>  t.  P.E. 
.841  .860 


S.E.  P.E. 
O.ISIME-13 


STOP  AT  LINE  IMS 
READY 
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OBJECTIVE: 


25HK  PLASTIC  CASE 
AMMUNITION  DEVELOPMENT 


Tut  Flxturas  IITRI,  flNTvER&L . HIA.  i 

Cartrldga  Caias  Owg.  No.  SK  300460,  Rav.  Mat1 1 ViVLOKl  | p 

0wg.  No.  . Rav.  Mat 1 1 

Projaetllai  Dwg.  No.  3003^7 . R«y . A,  PlaatJc  Band,  3664  drain . 
Prlmari  TypaftfaESfa  ■ Lot  No-  No. 

Flaah  Tuba!  cns&W.  » Seaelal.  * 

Projaetlla  Ratantlons  I 1 NC,  I Mylar, 

ignitori_B^L 

PropallanTi  Fwd  Cnarge  tot  No. 

*— p Aft  Charaa  h&'l'J-t  ■ Lot  No. 

V t-*u/t,iiviiMn»art  a t/A  Lot  No. 

lX+-omM*r  , " '"—l  ' " 


t'l  tlvLOM  \lL-  M’Jji’SBuifcA 


X&l‘SbTT»FuA<SM*l»J 


li>-dViiu'wr 
REMARKS i Qoi 


Kla(O^A»t)J| 


c eo&HtA 


PROPELLANT  WT  (QRAH5) 


TOTAL  PROP.  WT 


IGNITOR  WT 
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OPTION  FOR  PS  I ■RR  8«P8MAX 
DISTANCE  TO  FIRST  L10HT  SCREEN? 
DISTANCE  BETWEEN  LIGHT  SCREENS? 
K-RAD  I -YES  &«NO?e 


PI  MAX  PS  MAX  P3  MAX 


MOUND  NO— 7169 

40.3  -.8  9.12 

14.7*  e e 

LSI  TO  LSa  3659  , 

PS  TO  LS8  37IS 
ROUND  NO— TUB 

64.6  -.5  6.61 

98.1  • 6 

LSI  TO  LS8  3659 
MO  TO  LS8371S 
MOUND  NO— Till 

184.6  -.3  8.56 

* .163 

57.66  6 5.69 

LSI  TO  LS8  1834 
PO  TO  LS8  1888 


1 

Rf 


MOUND  NO— 71 18 


64.4 

• .8 

5.64 

76.73 

6 

1.43 

LSI  TO  LS8 

3843 

PS  TO  LS8 

3876 

ROUND  NO  — 

7113 

55.8 

*•  1 

5.69 

79.53 

6 

3.86 

LSI  TO  LS8  8913 
PO  TO  LS8  8986 
ROUND  NO— 7114 
67.9  .8 

166.71  1.18 

LSI  TO  LS8  4849 
PO  TO  LSB  3987 


8.68 

.61 


f5 


.52 

2 2155 
2125 
-til  6 
.1 

.78 

2 1927 
I91li 
-7  J 17 
.1 
.86 

2 3659 
. /4 


2129  9.17  7.00000E-03 


3677  8.96  .022  ,0|| 


ROUND  NO--71 18 
73.6  .2 

118.08  3.62 

LSI  TO  L52  3781 
P3  TO  LS2  3824 
ROUND  NO--7119 
61.5  .2 


STOP  AT  LINE  2000 
READY 


10.46 

0 


3833  22.63  .023  .225 


108.77  1.85 

.01 

LSI  TO  LS2  3659 

P3  TO  LS2  3695 

ROUND  NO  — T 120 

32.6  .2 

3.48 

.137 

71.97  2.39 

10.5 

LSI  TO  LS2  1995 

PO  TO  LS2  1 989 

ROUND  NO— 79999 

1988  11.16  6. 00000E-03 


228 


PROPIILAHT  WT  (SHAMS) 


TOTAL  PROP.  WT 


I ON  I TOR  WT 
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OPTION  FOR  PS  l»RR  8-PBMAX7B 
DISTANCE  TO  FIRST  LIGHT  SCREEN737. 883 
DISTANCE  BETWEEN  LIGHT  SCREENS? 7. 833 
X-RAD  I -YES  8«N0?8 


1 

PI  MAX  PS  MAX 

P3  MAX 

VELOCITY 

TIME 

B<E« 

P.E. 

, Pwd 

!/’ 

ROUND  NO— 7181 

. 8472-1 

97. 1 >1.3 

8.41 

3603 

26.87 

.081 

.857 

44.61  0 

0 

k' 

LSI  TO  LSS  3546 
PO  TO  LSS  3593 
ROUND  NO— 7128 

60  -.4 

8.57 

3688 

88.86 
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99.69  0 

0 

:\ 

LSI  TO  LSS  3546 
P3  TO  LSS  3 jl3 
ROUND  NO— 7183 
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60*  5 • • 3 

7.8 
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.081 
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P3  TO  LSS  3613 

ROUND  NO  — 7124 
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83.66 
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7.35 
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P3  TO  LS8 
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ROUND  NO  — 

7186 
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• 0 1 

7.28 

3677 
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.088 

99.44 

0 

1.38 

LSI  TO  LS8 

3659 

H 10  LS8 
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3$MM  ELASTIC  CASK 
AMMUNITION  DIVILOPHINT 


r*Tf  srT"m  i 


Taat  Fixture:  I ITAI , fflNjVMSADjUA.  . 

Cartrldga  Ceiai  Dwp.  WitSTjOPatO^  Rav. i Mat*  I Kh|'<m  IP  f 

Projectile:  Owg .^No.  3003^77  rfey.  A,  Ml  at tie  Band,  3666  drain. 

Primer:  Tvoa^^~  . Lot  No.  No. 

Projectile  ^lantlonl^  $Pyl*1 ' OTT'IKT""*'  ) ts  HU  Mylar,  tf&OrjJ 

Propel  lanti  frwd  iharoa  JW7  I Lot  Nor. 

Aft  Charge  QUU  k-V  Lot  No. 

I mart  Lot  No. 

REMARKS  I 


PROPELLANT  WT 


TOTAL  PROP.  WT 


I ON I TOR  wr 


\tmcmrnt*\ 


2JW  ELASTIC  CAM 
AMMUNITION  DIVtLOPMENT 


OUICTIVl! 
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T««t  Tlxturct  IITRI,  UNIVtr.SAL,  MIA. 

Cert  ridge  Cast!  Dwg.  No.  SK  300A40,  Rev.  Mat1! 

flMi » Nil*  ttsv • Mat i \ 

Project llei  Mug.  No.  S00)^7«  Rev.  a,  Flattie  iand,  JOOO  SraTn? 
Or  liar i Type  . Lot  No.  No.  _ 

FlflON  Tubai  11141/711  Special.  . 

Projectile  Retention:  Mil  NC.  t 

tool  tori  , lea  lot. 

Propel  lanFT 
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ftud  iherpe 

. Lot  NO. 

Aft  cuaroa. 

. Lot  No. 
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Inaart 

. Lot  No. 

. 

ROUND 

NO. 

PROPILLANT  WT  (DRAMS)  i 

TOTAL  PROP.  WT 

IGNITOR  WT 
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• (DRAMS)  . 
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OPTION  FOR  P8  l«RR  8*P8MAXTB 
DISTANCE  TO  FIRST  L1QHT  SCREENTC7.883 
DISTANCE  BETWEEN  LIGHT  SCREENS77.633 
K-RAD  I "YES  8»N0T8 


PI  MAX 


P8  MAX 


PC  MAX 


VELOCITY 


B.E.  P.E. 


ROUND  NO— 7163 

TARG  AT  LINE  580 

READY 

GOTO  230 
ROUND  NO— 7164 

TARO  AT  LINE  58 • 

READY 

OOTO  838 
ROUND  NO— ? 1 84 
•.4  14.1 

• 16.69 

LSI  TO  LS8  8918 
FO  TO  LS8  8895 
ROUND  NO— ?I65 
50  >.8 

68.86  8 
Ul  TO  LS8  8770 
P3  TO  LS8  8768 
ROUND  NO— 7166 

39.7  ..8 
.155 

77.17  8 

LSI  TO  LS8  8388 
PO  TO  L$8  8389 
ROUND  NO— 7 167 

59.7  -.8 

81.84  8 

LSI  TO  LS8  3986 
P3  TO  LS8  8967 
ROUND  NO— 7168 
49  1 

76.81  9 

LSI  TO  LS8  8568 
FO  TO  LS8  8586 


5.95 

11.81 


.813  >81.888 


.818  .178 


9. 8OO08E>93 


.814  .169 
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Ul  TO  LS8  8718 
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1 84  - ..I 

.898 

88.89  * 0 

Ul  TO  L88  1783 
93  TO  L58  1481 
BOUND  NO— 7 1 74 
44.9  ..1 

*144 

74.43  8 

Ul  TO  U8  8415 
98  TO  U8  8488 
BOUND  NO— 7175 
48.8  a 

77.19  a 

Ul  TO  L88  8585 
93  TO  138  8887 
BOUND  NO— 7178 
43.7  • . 1 

.148 

78.84  B 

Ul  TO  L88  8388 
93  70  LIS  8345 
BOUND  NO— 7 1 77 
84.1  a 

.1 

aa.i  a 

Ul  TO  U8  1783 
90  TO  LS8  1498 
BOUND  NO— 79999 

ST09  AT  LINE  8888 


7.44 
1 1 .38 


8.85 
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14.88 


8.98 
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INITIAL  DISTRIBUTION 


Hq  USAF/SAMI  1 
Hq  AFSC/DLCAW  1 
AFML/DO/AMIC  1 
ASD/ENYS  1 
AUL/AUL-LSE-70-239  1 
USA  Wpns  Comd  1 
Ballistic  Res  Labs/AMXBR-TB  1 
Frankford  Ars/Lib  I 
SARPA-TS  1 
USN  Wpns  Lab  1 
USN  Wea  Ctr/Code  S33  2 
Nav  Air  Sys  Comd/Codo  AIR-5323  1 
Battelle  Memorial  Inst/Rpts  Lib  1 
DDC  2 
Comdr/Nav  Spns  Ctr/Codo  SI 102  1 
TAWC/TRADOCLO  i 
AFIS/INTA  1 
AFATL/DLOSL  2 
AFATL/DLDG  5 
ASD/ENYEHM  1 
Ogden  ALC/kMNOP  2 
AFWL/LR  2 
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